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Abstract 
Members of the indole family of alkaloids have long been the subject of scientific 
investigation. This interest has been stimulated not only by the structural diversity of 
this family of alkaloids but also because the physiological and biological properties of 
some are legendary.! Our group has developed a facile and highly stereoselective 
approach to the important indolizino[S,7-b]indole (A) and indolizino[2,3-
a ]quinolizidine (B) templates from readily available non-racemic substrates. The key 
ring-forming step involves the cyc1isation of a pendent indole substituent onto an N-
acyliminium intermediate.2,3 
OH 
o 
(B) 
H 
OH 
o 
The potential for application of our novel methodology in target synthesis has been 
demonstrated by removal of the hydroxymethyl moiety from indolizino[S,7-b]indole 
and indolizino[2,3-a]quinolizidine derivatives. We have demonstrated the 
functionaJisation of the indolizino[2,3-a]quinolizidine derivatives via conjugate 
addition chemistI)', forming derivatives such as (C), which may be converted to more 
complex indole alkaloids such as hirsutine (0). 
We have also utilised our methodology in the asymmetric synthesis of (+)-12b-
epidevinylantirhine (E). 
H H 
OMe 
(D)Me~C 
H 
H ~ HO -
(E) '-../ 
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Chapter 1 
Introduction 
1.1 N-Acyliminium Ions 
1.1.1 Iminium Cyclisations vs N-Acyliminium Cyclisations 
The development of cyclisations that proceed via N-acyliminium species (1) is fairly 
recent, in comparison to cyclisations involving iminium cationsl (2), such as the 
Mannich, 2a-b the Bischler-Napieralske and the Pictet-Spengler reactions.4 Both 
intermediates have been widely used in the synthesis of alkaloidal and related 
systems, this includes uses of N-acyliminium ions in aminoalkylation reactions 
(Scheme 1).5 
(1) 
Hel 
Scheme 1 
N-Acyliminium 
amidoalkylation 
ay ~ 
O~N'R 
Mannich aminoalkylation 
N-Acyliminium species were soon found to be reactive towards a wide variety of ]t-
nucleophiles including alkenes, allenes, alkynes and aromatic and heteroaromatic 
systems.6 
1.1.2 Structure and Reactivity of N-Acyliminium ions 
It has been established that substitution with electron-withdrawing groups at nitrogen 
renders the Mannich-intermediate (3) considerably more reactive by enhancing its 
cationic character. The most widely exploited modified cations are the N-acyl 
derivative (4) and the carbamate (5), other electronegative substituents such as the 
amide (6) and the N-tosyl (7) cations have also been examined. Various cyclic and 
linear forms can be distinguished, depending on the type of RI, R2 and RJ with new 
variations such as the hydrazonium (8) being added 7 
Introduction I 
(3) R = H, alkyl 
(4) R = acyl 
(5)R=COOR 
(6)R=CONR2 
(7)R=Tos 
(S)R= NR2 
With the presence of a strongly electron withdrawing carbonyl group, it is expected 
that the imino carbon atom in the aminoalkylating reagent (4) is more electron poor 
than in the Marmich reagent (3). By comparing the 13C_NMR of the iminium ions (9) 
and (10), Wurthweins et al found that substitution by N-methyl group by N-acetyl 
group leads to a down field shift of the imino carbon absorption of approximately 5 
ppm. Thus, one may suggest that the N-acyliminium ions are more electrophilic, i.e. 
more reactive than iminium ions.6 
0184.6 
Ph ) Me 
\ .... C=N 
Ph" 'H 
SbCla 
(9) 
1) 189.7)0 
Ph, )-Me 
C=N 
Ph" H 
SbCIs 
(10) 
1.1.3 Structure liS Reactivity of N-Acyliminium Ions 
N-AcyJiminium ions are almost always generated in situ, due to their limited stability 
and high reactivity. Scheme 2 shows the mechanistic scheme, which applies to most 
amidoalkylation reactions. Through the influence of an acidic catalyst precursor, (11) 
can fonn the corresponding N-acyliminium ion (4). The nucleophile then reacts in an 
irreversible process with the N-acyJiminium ion (4) to yield the product (12).6 
R1 
I Acidic catalyst 
R2 N R4 R3Y Y 
X 0 
X = Cl, RCOO, RS02 
Na, R-O, R-S 
(11) 
Introduction 
(4) 
Scbeme2 
(12) 
2 
This scheme closely resembles that of an ~ I process. Two extreme kinetic situations 
were distinguished by Zaugg and Martin,9 namely; (i) the formation of the N-
acyliminium ion is rate limiting, and (ii) the reaction with the nucleophile is rate 
limiting. The former case implies that a more stable N-acyliminium ion leads to a 
faster reaction, whereas in the latter case the opposite is true. Other factors which 
influence the rate of amidoalkylation are the nature of the leaving group and the 
solvent.6 
The formation of an enamide is an important side reaction in N-acyliminium ion 
chemistry via the loss of a proton. This reaction may be reversible in an acidic 
medium, but this is not always the case. As a nuc1eophile, the enamide reacts with the 
N-acyliminium ions still present, to give dimeric structures. If the N-acyliminium ion 
is not trapped fast enough by a nucIeophile it results in enamide formation and 
subsequent side reactions.6 
This may occur if: 
• the nuc1eophile is not very reactive, 
• there is too much steric hindrance, 
• if stereoelectronic factors are unfavourable (intramolecular case), 
• medium sized or large ring is to be formed. 
1.1.4 Generation of N-Acyliminium Ions 
Iminium salts are frequently isolated, whereas their N-acyliminium counterparts are 
far more reactive and seldom isolated. 6.10,11 The generation of N-acyliminium 
intermediates is usually in-situ, often under conditions of acid or Lewis acids as in 
scheme 1.1 
Introduction 3 
1.1.4.1 N-Acyliminium Ions Derived from «-Oxygenated Amides 
The most common route used for the generation of N-acyliminium ions is the 
heterolysis of «-oxygenated amides, the a-substituent is often an oxygen linkage that 
leaves on protonation.1 A variety of other substituents have been employ~ including 
bisamides, a-chloroalkyl amides and a-thioalkyl amides.6 The a-oxygenated amide 
(15) can be prepared by the addition of an amide (13) to an aldehyde (14) or ketone 
under conditions of acid catalysis (Scheme 3).12 
o 
(13) (14) (15) 
Scheme 3 
o 
• 
+..-?-N~ 'Ph 
H 
An effective and fairly general route to N-acyliminium ion precursors is the oxidation 
of amides (16) or carbamates, which is usually perfonned electrochemically.1 Two 
single electron transfer steps are involved (Scheme 4).13 
Scheme 4 
In the presence of an alcohol the reduction of a cyclic imide (17) affords the 
corresponding hydroxy lactam and/or the alkoxy lactam (18), I these are useful 
precursors of cyclic N-acyliminium species (Scheme 5).14 The reduction of imides, in 
the presence of other functionality is often highly regioselective.15 The reactions of 
cyclic imides with Grignard reagents affords tertiary hydroxy lactams that are a 
source of N-acyliminium ions.16 
Introduction 4 
Vtii\ l.fn\ Vtii\ O~~O NaBH4. O~n/--OH 
N H+ N I I 
ROH 
• O~N/--OR 
I 
R R R 
(17) (18) 
SchemeS 
1.1.4.2 N-Acyfiminium Ions by N-Acyfation of Imines 
The condensation of an aldehyde or ketone with a primary amine is a route to imines 
(20), which can undergo acylation with an acid chloride or acid anhydride (19) 
(Scheme 6).1 The adduct can act as the acyliminium species (21).17 
o 0 X 
R)l,::r:""R3 -_. R)lN~R3 
k2)( k2 
(19) (20) (21) 
Scheme 6 
1.1.4.3 N-Acyliminium Ions by N-Protonation of N-Acylimines 
In principle the protonation of N-acylimines is a route to generate N-acyliminium 
species. Due to the limitations in preparing N-acylimines and the forcing conditions 
required for their deprotonation this is not a general method. I N-Acylimines (22) 
readily tautomerise to the corresponding enamides, as in Scheme 7.18 
~ FS~H-SbF5 Jl 
EtO~N~CCI3 -----. EtO ~~CCI S02. -20 °c H 3 
(22) 
Scheme 7 
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1.1.5 N-Acyliminium Ion Formation - Syntbesis of Bicyclic and Tricyclic 
Lactams 
Two general methods have been developed for the construction of bicyclic lactams 
and involve condensation of an optically pure amino alcohol and a keto-acid. In the 
first route a process of cyclodehydration was used between an optically pure amino 
alcohol (23) and a y-ketoacid (24) (Scheme 8).19 
CA = Chiral auxilary 
(23) 
o 
R~OH 
o 
n=1,2 
R=H, Me, Ph 
(24) 
Scheme 8 
Extensive work by Speckamp20 involving N-acyliminium ion chemistry led to the 
development of the second route to these chiral bicyclic lactams. Condensation of an 
optically pure amino alcohol (25) with a cyclic anhydride (26) or dicarboxylic acid 
afforded imides (27), which on addition of hydride, afforded the corresponding ethoxy 
amines (28). Ring closure of these intermediates under acidic conditions afforded the 
bicyclic lactam (30) via the N-acylimiwn ion species (29) (Scheme 9). 
0 0 EtO 
NH2 
· Go ~N~ NaBH4 ~N~ HO~ • R EtOH 
0 OH 0 OH 0 
(25) (26) (27) (28) 
11 H+ 
0 OE! ~Nj" ~NjJ 
H 0 OH 0 
(30) (29) 
Scheme 9 
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Allin21-24 et aT has reported on the preparation of tricylic lactams and their potential 
use as N-acyliminium ion precursors in the synthesis of substituted isoindolinone 
derivatives. The enantiomerically pure amino alcohol substrate (S)-phenylalaninol 
(31) was used in the preparation of the diastereoisomerically pure N-acyliminium ion 
precursor (32), which were required for initial isoindolinnone targets (33aJb) (Scheme 
10). 
o 
"', Toluene 
~N--rPh 
'bJ 
(32) 
o o 
H 0-_ 
~ j 
(33a) (33b) 
Scheme 10 
1.1.6 Detection of N-Acyliminium Ions by NMR 
The observation of a transient N-acyliminium intermediate in dynamic NMR has only 
been reported twice? The intennediate (35) produced a clean BC NMR in a specially 
designed experiment, where alkoxycarbamate (34) at -55 ·C in the presence of Tf20 
was treated with Lewis Acid (Scheme 11).25 
Scheme 11 
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More recently it was found that treatment of the bis(homoallyl) hydroxylactam (36) 
with BhOEt2 at 25 ·C produced the 13C spectrum of the N-acyliminium ion (37).26 
This intermediate was slowly (1 h) converted to the fluoro compound (38). The 
reasons for this unexpected stability is not entirely clear although the spectral data 
show the greater withdrawing ability of the amide carbonyl as compared to the 
carbamate. 
~ 
4 
(36) 
OH 
(38) 
1.2 Carbon-Carbon Bond Formation UsingN-Acyliminium 
Intermediates 
1.2.1 Intramolecular Amidoalkylations with Aromatic n-Nudeophiles 
The major breakthrough after isolated examples in the synthetic applications of the 
intramolecular amidoalkylation occurred in the early 1950s, when the reaction \vas 
applied in alkaloid syntheses.6 Initial studies in this field included the pioneering 
work by Belleau27 and Mondon28 on the synthesis of erythri1UJ. alkaloids by closure of 
N-acyliminium ions (40) and (41), as well as the synthesis of yohimbine by van 
Tamelen29 et al. 
Ring closure by van Tamelen29 et al was via a route in which the essential step is the 
acid catalysed ring closure of the N-acyliminium ion (39). The reaction proceeded 
remarkably easily indicating the high reactivity of an electron rich aromatic ring as a 
nuc1eophile in such cyclisations6 
Introduction 8 
~ 
~ ,; I 
H H 
(39) 
H\\\" 
~\\. ... ,., 
ROJ-8 
The involvement of an N-acyliminiwn species m intramolecular processes is 
exemplified in the synthesis of the erythrinane alkaloid skeleton (Scheme 12). The 
introduction of a carbonyl group adjacent to the nitrogen atom increases the 
electrophilic reactivity of an iminiwn ion, giving the corresponding N-acyliminiwn 
iOR 1 
Due to enhanced reactivity, the range of nucleophiles that can be used in carbon-
carbon bond formation is widened. 1 For example, the erythrinane skeleton can be 
formed via either of the N-acyliminiwn intermediates (40)27.30 and (41)28,31. whereas 
cyclisation of the iminiwn ion (42) failed. The powerful stereocontrol available via 
C-nucleophilic additions to N-acyliminiwn species has been recently ShOwn,6.10-12. 30-33 
which is a key factor in their use for the synthesis of a1kaloidaI ring systems. I 
(40) X=O, Y=H,H; 
(41) X=H,H; Y=O; 
(42) X=Y=H,H 
Scheme 12 
MeO 
Heat MeO 
-LiAlH4 
Substituted eryfhrina derivatives have been formed from cyclohexanone-2-acetic ester 
and the appropriate amine which, upon ring closure, affords the enamide (43) 
(Scheme 13). Cyclistion with EtOH-HCI then yields (44)?4 
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---------_. 
Ph<, H Me0ti5~ 
""" I N 
MeD oY0 EtOH-HCI 
(43) 
Scheme 13 
MeD 
MeO """ I N C",· . .ff~' H 
(44) 
o 
Under the Pummerer reaction conditions the thioester (45) was converted to the 
erythrinone (47) via the N-acyliminium ion (46) (Scheme 14).35 
SMe 
(46) 
J 
MeO 
MeO 
SMe 
(47) 
Scheme 14 
A novel stereoselective approach to a fused tricyclic ring system found within the core 
of the erythrinane ring system was reported by Allin.36 The key step involved an 
asymmetric intramolecular N-acyliminium mediated cyclisation. 
Treatment of the bicyclic lactam (48) with the Lewis acid TiC4 at -10 ·C produced 
the target pyrroloisoquinoline ring system (49) as a single diastereoisomer, with 
inversion of stereochemistry at the newly created chiral centre (Scheme 15). It is 
presumed that the cyclisation to yield the product (49) proceeds via the N-
acyliminium ion intermediate (50). 
Introduction 10 
(48) 
TiC"" DCM 
-10 cC, 20 h 
~OH V~~O 
(49) 
Scheme 15 
Ph 
H01""",1 
6=0 
(50) 
AJlin37 et af applied this work to a facile stereoselective approach to the tetracycJic 
core of the erythrina ring system, 
Treatment of the lactam (51) with the Lewis acid TiCI4 at -78 ·C produced the 
tetracycJic product (52) in 80% yield in excellent diastereoselectivity, Presumably, 
cycJisation to yield the product (52) proceeds via its N-acyliminium ion (53) (Scheme 
16), 
(51) 
Introduction 
TiCI. 
DCM, 
-7aoC 
MeO 
MeO 
Scheme 16 
(53) 
(52) 
OH 
o 
11 
The versatility of the N-acyliminium cyclisation in the total synthesis of various 
indole alkaloids is reflected in the work of many research groups. There are many 
examples of this type of cyclisation due to the highly reactive nature of the indole 
'moiety. Usually the essential step of these cyclisations is the coupling of an oxo-
carboxylic acid (55) derivative with tryptamine (54) and acid catalysed ring closure of 
the oxo amide (56) to the desired skeleton (58) via the N-acyliminium ion (57) 
(Scheme 17).6 
COl -~ # I NH2 N 
H 
(54) 
+ 
(56) 
(55) 
• 
(58) 
Scheme 17 
Van Tamelen38•39 and Wenkert40 have synthesised indole alkaloids starting from 
indole-3-acetic acid (59) and an amine to form the amide precursor (60), which was 
cyclised by acid catalysed formation of the N-acyliminium intermediates (61) and 
subsequent ring closure to (62) (Scheme 18). 
Unlike the general reaction (Scheme 17), where bond formation is observed at C-2 of 
the indole ring, in this case the product of the cyclisation of (61) is the spiro structure 
(62) via bond formation at C-3 ofthe indole nucleus to form the more stable y-Iactam. 
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This result is most likely accounted for by assuming initial attack at C-2 followed by 
rearrangement 41 This distinct difference in behaviour between the ions (57) and (61) 
is extremely useful for exerting regiocontrol in these types of bond formations.6 
QjCOOH 
N 
H 
(59) 
H + NH2 
oU 
N 
I OHC 
(62) (61) 
Scheme 18 
Heanel2 et al reported on routes to a-methoxyisoindolones, that function as 
precursors to synthetically useful N-acyliminium ions. Methyl 2-formylbenzoate (63) 
was reacted with primary amines, for example veratrylamine (64), under Dean-Stark 
conditions to afford the imine (65) in high yields, which then underwent 
rearrangement to methoxyisoindo!ones (66) (Scheme 19). 
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(63) 
Scheme 19 
~OMe 
Me02C ~ ~ .~ OMe 
(65) 
j 1) MeOH 2) NaOMe 
(66) 
Heaney concluded that since the ~-ruyl residue was sufficiently nucleophilic, 
compounds such as the methoxyisoindolones (66) could serve as N-acyliminium ion 
precursors. Lewis acid treatment of such precursors with titanium tetrachloride gave 
the expected isoindoloisoquinoline derivatives (67). 
MeO 
N 
MeO o 
(67) 
As a consequence of their previous work, Heanel3 et at proposed that acetals derived 
from esters of 2-acylbenzoic acids should undergo cascade sequences with suitable 
primary amines in the presence of mild Lewis acids. Tryptamine (54) and actetal (68) 
were heated in toluene for 16 h in the presence of 10 mol % of scandium triflate and 
4A molecular sieves. The ~-carboline derivative (69) was isolated in a 91% yield. It 
was assumed that the reaction proceeded via the sequence shown in Scheme 20. 
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~C02Me '# OMe OMe 
Me 
(68) 
~ 
~ ~ 0 
Sc(OTfh 5 mol% 
~ Me _.----
MeO pr \ -MeOH 
""'-
-Meo-I Sc(OTfh 5 mol % 
Qn~OT~ 
n •• 16 + -H 
Scheme 20 
, + OTt o:;C~Me-# OMe 
Me 
-MeOH 0--
1 
/'-.. ~NJ ~H2 
H (54) 
Qn~ Me;;p02C ~ I r ~ 
N HN 
H ----' 
Me OMe 
o 
A facile and efficient synthesis of thienoazepine derivatives by intramolecular 'It-
cyclisation of thiophene has been reported.44 From benzthiophenes (70,72) the 
corresponding thienoazepines (71,73) were obtained either by condensation with 
formaldehyde from (70) or by ring closure of the hydroxyllactam (72) (Scheme 21). 
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Me 0 
I 
HN 
S 
(70) 
~ro 
HO 
(H2CO)n, HCOOH 
60oC,14h 
TFA 
• 
~.3h 
Scheme 21 
15 
By altering the electronic bias of the It-nucleophile the regiochemistry of an N-
acyliminium cyclisation can be intluenced. I Therefore, silicon directed N-
acyliminiwn ion cyclisations can provide efficient routes to pyrrolizidines.45 The 
relative stereochemistry arises from a chair transition state as opposed to the higher 
energy boat transition state. This method was used in the synthesis of (±)-
isoretronecanol (74) (Scheme 22). 
HOCb 
(74) 
2)M~S 
3) liAIH4 
Scheme 22 
CF3C02 
H 
~ SiMe3 
o 
Silicon directed N-acyliminiwn ion cyclisations provided an efficient route to (±}-
epilupinine (75) (Scheme 23). The relative stereochemistry arises from a chair 
transition state in which the allyl silane adopts an equatorial position, therefore 
leading via a cationic complex to the desired diasteroisomer.45 
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HOX) 
DCM,20·C 
o 
HO,) 
cb 2) M8.2S 
3) LiAfH4 (75) 
1 (Q 
o 
Scheme 23 
Tanis 46 et at have used the furan ring as the It-nucleophile terminator in N-
acyliminium cyclisations. A variety of linearly-fused, spirocyclic and bridged 
azacycles could be synthesised by simply changing the placement of the furan tether 
on the N-acyliminium ion precursor (Scheme 24). 
y~ 
o 
0 
Linearly Fused 
0 
0 
NH 
r 
0 
# )n 
Spirocyclic 
OH 
Bridged 
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This chemistry was applied in the formal synthesis of (±}--epiIupinine (75) and (±)-
perhydrohistrionicotoxin (80). The desired trisubstituted furan (77) was formed upon 
cyclisation of the N-acyliminium ion precursor (76) with formic acid Oxidative 
cleavage of the furan (78) (m-CPBA) and reduction of the ene-dione (H2, PdlC) 
afforded the target dione. Selective thioketalisation gave (79) which was desulfurised 
(Raney nickel) to give the target compound perhydrohistrionicotoxin (80) (Scheme 
25).46 
o 
(76) 
(80) 
Schcmc25 
• 
(78) 
TMSS(CH2l2STMS, 
TMSOTf 
Ra-Ni 
EtOH, t. 
(79) 
A reductive removal of the lactam and ring carbonyl groups as we)) as a 
transformation of the side chain into a methanolic residue was required in the 
synthesis of {±)-epilupinine (75) (Scheme 26). CycJisation of (81) gave (82), which 
was treated under kinetic ketalisation conditions to ring ketal (83). Under oxidative 
conditions acetate (84) was formed, this was followed by transketalisation yielding 
thioketal (85). Reductive removal of the thioketal and reduction of the acetate 
afforded the desired target compound (±)-epilupinine (75).46 
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~c 
o 
(81) 
(75) 
1) Ra-Ni, 
EtOH, A 
2) LiAIH4, 
THF, A 
o 
N 
o 
(85) 
o 
o TMSO(CH2hOTMS 
(82) 
OAc 
S~ 
S 
TMSOTf,DCM 
-24 OCto rt 
, 
o 
(83) 
CF3C03H, 
Nil2HP04, 
DCM 
TMSS(C~hSTMS 
BF3'OEI2, 
DCM,RT 
o 
N 
(84) 
Scheme 26 
1.2.2 Intermolecular Carbon-Carbon Bond Formation 
OAc 
Substantial progress in expanding the synthetic usefulness and stereocontrol of the 
intennolecular N-acyliminium variant has been made, This is both with respect to the 
types of precursors and activated nucleophiles as well as experimental conditions? 
Allylsilanes and related metallo-unsaturated derivatives constitute a main subclass of 
this type of nucleophile, Intennolecular additions of allyltrimethylsilane/titanium 
tetrachloride to tertiary precursors (86) have been studied extensively by Meyers47• 
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Me 
<;--q 
Ph 0 
(86) 
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The stereochemical outcome of allyltrimethyl and triethylsilane intermolecular 
additions onto tricyclic lactams such as (87) with varying Lewis acids has been 
reported by Allin21 et al. Using a triethylsilaneILewis acid protocol a far greater level 
of diastereoselctivity was found in comparison to the a11yltrimethylsilane ILewis acid 
protocol. The most effective Lewis acid was found to be titaniwn tetrnchloride. 
Lhommet48,49 et aT examined the addition of allyltrimethylsilane to the aminoether 
(88) in the presence of1MSOTf as the Lewis acid. A highly selective trans addition 
of the allyltrimethylsilane on the bicyclic N-acyliminiwn ion species (89) gave rise to 
(90) (Scheme 27). 
EtO\""~ TMSOTf ~ ~TMS ~,\" ... ~ • }-o DCM.-78°C }-o }-o 
0 0 0 
(88) (89) (90) 
Scheme 27 
Wistrand and SkrinjarSO have reported that organocopper nucleophi\es favour high 
diasteroselectivity in the pyroglutamate type precursors. Pedregal51 et af examined 
the addition of Grignard derived organocopper reagents to the aminal (91) in the 
presence of BFiOEt2 as the Lewis acid. A highly selective tram addition of the 
organocopper reagent on the N-acyliminium ion species (92) gave rise to (93) 
(Scheme 28). 
Introduction 20 
Ph 
/ 
.. ~ MeO~C02Et 
I 
Bce 
(91) 
1) BnMgCl, 
CuBr-Me2S, 
BF3·OEI2, 
Et20, -78°C 
2. TFA, DCM 
Ph 
t ~~C02Et 
I 
Boc 
(92) 
Scheme 28 
(93) 
Highly stereoselective N-acyliminium ion coupling reaction of fl-ketoester derived 
silyl enol ether with enantiopure lactams derived from (S)-malic acid has been 
reported by Louwrier2 et al. Reaction of the N-PMB protected malic acid precursor 
(94) provided the disubstituted lactam (95) with high trans selectivity (Scheme 29). 
AeO AcO~O 
I 
PMB 
(94) 
OTMS 
~Ph 
TMSOTf, 
DCM, -78°C 
Scheme 29 
1.3 Applications oftbe Meyers Bicyclic Lactams 
1.3.1 Introduction 
The bicyclic lactam has proven to be an exceptional chiral template for the 
construction of a wide range of optically pure carbocycles and heterocycles. The 
bicyclic lactarn has been exploited in the construction of a range of quaternary carbon 
compounds with excellent control over the absolute stereochemistry. Lactams can 
provide access to a wide variety of structural features in addition to stereogenic 
quaternary centres, which has been illustrated with applications to total synthesis, 53 as 
shown in Scheme 30. 
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n =0,1 
Scheme 30 
1.3.2 Synthesis of Suhstituted Pyrrolidines 
The addition of allylsilane to the angular position in the [3.3.0] bicyclic lactam (96) 
followed by two successive reductions yielded the 2,2-disubstituted pyrrolidine (97) 
(Scheme 31).54 
IN-f ;to 
(96) 
Introduction 
Scheme 31 
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1.3.3 Synthesis of Substituted Piperidines 
The route to asymmetric pyrrolidines was extended to the piperidine series by use of 
the [4.3.0] bicyclic lactam (98), offering a general and efficient route to a variety of 
piperidine derivatives (99) (Scheme 32). ss 
(98) 
Red-AI 
lHF, ~ 
R=Me, n-Pr 
Scheme 32 
1.3.4 Synthesis of Snbstituted Tetrahydroisoquinolines 
Tetrahydroisoquinolines (101) can also be obtained using the appropriately benzo-
fused bicyclic lactams (100) by a series of reductions (Scheme 33).56 
0;pOMe 
N 1# Ph ll ... ( . ·"1 OMe 
Lo Me 
Red-AI 
O~OMe 
Phl?N~ 
'- OMe 
Me OH 
(100) 
1 LiAlH4 
~OMe 
HN~ 
, OMe 
Me 
()C(oMe Pd/C, H2 I 
. Ph1N # ~ OMe 
Me OH 
(101) 
Scheme 33 
Introduction 23 
1.3.5 Synthesis of Substituted Azasugars 
Azasugars, an important class ofbiologicaJly active targets have been synthesised in a 
rapid and efficient manner by using the bicyclic lactam template. Dihydroxylation of 
the !l,p-unsaturated bicyclic lactam (102) afforded the diol (103) as a 7:1 mixture of 
diasteroisomers. For the stereoselective reduction of the angular position the diol was 
protected as its acetonide (104) to provide an additional 'steric control element'. 
Further steps resulted in the fonnal synthesis of 1,4-dideoxy-I-4-imino-D-Iyxitol 
(105) (Scheme 34).57 
JO~OBnNMO 
Ph N~ cat. 0504 
o 
(102) 
Pd(OH12 
(105) 
Scheme 34 
1.4 Functionalisation of Bicyclic Lactam Substrates 
9-BBN 
The previous section displayed the effectiveness of the bicyclic lactam to provide 
access to a wide variety of structural features. The following section highlights the 
versatility of the bicyclic lactam as a tool in the asymmetric synthesis of a variety of 
alkaloid ring systems. 
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1.4.1 Unsaturated Bicyclic Lactams 
The preparation of a,~-unsaturated carbonyl compounds from the corresponding 
saturated compounds is among the most useful and important transformations in 
organic chemistry. The Syn elimination of appropriate selenoxides developed by 
Reich58 is the most commonly used process for the introduction of a.~-unsaturation. 
Meyers59 et al reported a method not involving toxic selenium but methyl 
phenylsulfinate (107). This method was applied to many bicyclic lactams including 
(106) to form the corresponding a.p-unsaturated compound (108) (Scheme 35). 
p/:~' 0 Phj~' 11 KH + Ph/S'OMe 
THF 
0 0 
(106) (107) (108) 
Scheme 35 
1.4.2 Amines Conjugate Addition 
Additions of amines to the a,~-unsaturated lactam (109) have been found to occur 
with high facial selectivity (Scheme 36).53 
p/9"' R'WNH --p/:;5,.R'R' 
o 0 
• 
(109) 
Scheme 36 
For efficient amine addition two key features have been found: (a) the presence of 
water was essential in order to drive the amine addition to completion, and (b) 
complete reaction required 8 equivalents of the amine. 
As steric bulk of the amine was increased (changing to a secondary amine), the 
selectivity of the endo-exo addition increased from 19: 1 to >98:2 (Scheme 37) 
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(Table I). Thus, bulkier nucleophiles were seemingly sensitive to facial selectivity 
(Entries 1, 5). Similarly, when the angular substituent of the Iactam was changed 
from methyl to phenyl (Entries 2 and 4), the selectivities from the reaction with the 
same primary amine changed from 19:1 to >98:2.53 
amine (O~~~R2 
Ph.r-Ny 
o 
Scheme 37 
Entry R' Amine Yield(%) dr. 
1 Me PhC~NH2 84 95:5 
2 Me H2N,,-/Ph 83 95:5 
Me 
3 Me H2Ny Ph 85 95:5 
Me 
4 Ph H2N'y-'Ph 89 98:2 
Me 
5 Me HN0 89 98:2 
Tablet 
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1.4.3 Aziridation by Conjugate Addition 
The inclusion of a leaving group i.e. iodine, at the a-carbon of the a,1l-unsaturated 
bicyclic lactam (110) provided an intramolecular reaction pathway for fonnation of 
the aziridine. 
This a-iodo-a,ll-unsaturated lactam (11 0) was treated with a primary amine furnishing 
the aziridine in good to excellent yields. The aziridinolactams (111) were readily 
reduced to their corresponding chiral 2-alkyl-3,4-aziridinopyrrolidines (112) (Scheme 
38). It has been observed that the 2-substituent of the product had been 
stereochemically modified (inverted) from its original position in the aziridino1actam. 
This was due to the presence of the aziridine ring hindering attack of hydride from the 
underside of (111).60 
Phf :;i,_R_NH_2_ f o Me N ·N~R ' ~ .. , 1)AIH3 Ph .. ,,' 2) Pd(OH12, H2 
o 
(110) 
R = I-Bu, 
o 
(111) 
MeHOH H2N-<J 
H2N Ph 
Scheme 38 
1.4.4 Epoxidation by Conjugate Addition 
(112) 
The addition of oxygen to the a,1l-unsaturated lactam (113) has also been exploited, 
using tertiary amine N-oxides. Rather than the expected diol, the a-epoxide (114) has 
been isolated in high yield using the Upjohn process61 for the dihydroxylation of 
unsaturated systems (catalytic OS04, N-methylmorpholine oxide) (Scheme 39). The 
stereochemical outcome of this reaction was consistent with the substituents present 
on the j3-face blocking approach and favouring a-face entry. 
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OS04 (cat) 
NMO 
Scheme 39 
It was found that osmium tetraoxide was unnecessary and NMO could be substituted 
with trimethylamine-N-oxide.62 The a-facial epoxidation was successful only with a 
variety of doubly activated a,j3-unsaturated bicyclic lactams. 
Epoxidation of the a,j3-unsaturated bicyclic lactam has not been limited to the 
bicyclo[3.3.0J system. Amat has shown that it is possible to use the [4.3.0J bicyclic 
lactam (115) to obtain a,j3-epoxy lactam (118) by treatment of the a-selenyl bicyclic 
lactam (116) with m-CPBA (Scheme 40).63 
The epoxidation presumably resulted from the fonnation of the selenoxide of (116) 
which eliminated to the a,j3-unsaturated lactam (117). This was followed by 
epoxidation of this unsaturated system with m-CPBA. The facial selectivity seems to 
be dictated by the angular substituent The presence of an angular hydrogen allowed 
for j3-epoxidation where the oxidation of the intennediate selenide was accomplished 
with ozone, only the corresponding a,/3-unsaturated lactam (117) was isolated 53 
Ph,co 
o 
(115) 
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Scheme 40 
o C02Me (116) 
1 m-CPBA 
plQ 
o COzMe 
(117) 
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1.4.5 Organocuprate Conjugate Addition 
The use of cuprate additions to electrophilic olefins has only been rarely utilised in a 
asymmetric sense.64 To address this task additions of organocuprates, in a 
diasteroselective fashion, were attempted on the lactam (109). Rapid reduction of the 
enone system was seen on attempting to add simple Gilman-type cuprates furnishing 
the saturated lactam (119) (Scheme 41 ).65 
pJ~H Me2CuU ';:$ + 'Phf~ H 
0 
-
0 0 
(109) (119) 
Scheme 41 
Diels-Alder cycloadditions to the bicyclic lactam (109) were found to be unsuccessful 
by this laboratory.66 When a a-carboalkoxy group was introduced it was found that 
the reaction was successful. Subsequently it was found that the standard 'Gilman 
reagent' added to the lactam (113) providing the p-substituted lactam (120) in a 3:1 
trans:cis diastereomeric ratio. Further efforts showed that the addition of a lower 
order cyanocuprate produced a >95:5 ratio of diastereomers (Scheme 42) (Table 2). 
The presence of an angular methyl group attributes to the endo addition as it interferes 
with the approach of the cuprate on the p-face. 
R'CuCNli 
Scheme 42 
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Product R' Yield(%t 
120a Me 84 
120b Vinyl 84 
120c Phenyl 76 
120d n-butyl 80 
• " The d.r.ofan products was >95.5 as determmed by H NMR 
Table 2 
The disadvantage of using the carbomethoxy group as a 'conjugate addition activator' 
in the bicyclic lactam (113) was its removal after addition. When alkaline hydrolysis 
was employed to decarboxylate (12Oc), rapid epimerisation was noted. A plausible 
route to the deconstruction of the stereogenic center in (121) illustrated in Scheme 
43. 53 
Ph;::~Ph 
o 
(121) 
(4:1 exo/endo) 
Scbeme43 
• 
I~ 
The base induced pathway leading to epimerisation was ultimately prevented by 
changing to a benzyl ester (122), which could be easily removed via hydrogenolysis, 
then decarboxylation to (123) in refluxing toluene (Scheme 44). Reductive removal 
of the auxiliary produced the pyrrolidine system (124).53 
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1) PdlC. H2 
• 
2) A Phf:~'R 
o 
(123) 
Scheme 44 
R' R 
1) AlH3 h" 
2. NH4HCO:!. HN~ 
PdlC 
(124) 
1.4.6 AUylsilane Addition (Cyclobutannulation aud Cyclopentannulation) 
Use of simple allylsilanes in cyclopentane annulations is a relatively new area of 
research in organic chemistry.67, 6S The primary nse of the allylsilanes has been in 
Lewis acid mediated Sakurai reactions with both aldehydes and electron deficient 
olefins.69 Bicyclic lactam investigations in this area utilised the Lewis acid mediated 
addition of allyltriisopropylsilane to an a,~-unsaturated system (125) (Scheme 45).70 
Although the existence of a [2+2] pathway under these reaction conditions has been 
questioned, cyclobutane products (126, 127) were unambiguously identified through 
two dimensional NMR experiments and X-ray crystallography. These results were 
the first confirmed examples of allylsilanes undergoing Lewis acid mediated 
cyclobutannulation with electron deficient olefins.53 
~Si(i-Prh 0 R 
TiCI4 I j)tr ../,C02Bo./ + 
(R=Me) Ph ~S~i-prb 
o H 
Phj:~ (1261 
rC02Bo./ 
o (125) 
(R=H) L 
TiCl( 
~Si(i..prh 
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1.5 Application of N-Acyliminium Ions in Alkaloid Synthesis 
N-Acyliminium ions have been recognised as valuable intermediates in heterocyclic 
synthesis. Distinct advantages over the iminiwn alternative include favourable 
reactivity, thus allowing carbon-carbon bond formation at ambient temperature and 
highly improved stereocontrol.44•71,72a.., 
1.5.1 Stereoselective Synthesis ofIsoindolinone Ring System 
The isoindolinone ring system is interesting due to the actual and potential biological 
activities of many derivatives?3.-d In addition, several naturally occurring cbiral 
alkaloids contain a ring fused isoindolinone moiety, including neuvamine74,75 (128) 
and lennoxamine75,76 (129). Neuvamine (128) was isolated from the Berberi~ 
Darwinii Hook, found in Southern Chile, and was the first isoindoloisoquinoline to be 
isolated from natural sources. 
MeO 
o 
0"'-./0 
(128) 
OMe 0 
MeO 
o 
0-..1 
(129) 
Allin24 et al have reported a facile new procedure which allows the synthesis of chiral 
ring fused isoindolinone products in only two synthetic steps, with high levels of 
diastereoselectivity, from readily available precursors. 
In the synthesis of non-racemic ring-fused isoindolinones it was recognised that 
suitable substrates (32) could serve as valuable intermediates, this was via Lewis acid 
mediated formation of an N-acyliminiwn intermediate followed by intramolecular 
nucleophilic addition of a proximate, electron rich aromatic substituent (Scheme 46). 
Introduction 32 
Substrate (32) underwent N-acyliminium ion fonnation on treatment with a Lewis 
acid activator (1.5 equivalents, -10 ·C, DCM), allowing cyclisation of the aromatic 
substituent to fonn the desired tetracyclic isoindolinone target as a mixture of two 
possible diastereisomers (33a) and (33b). An extremely high degree of 
diastereoseiectivity can be achieved in this reaction, as can be seen in Table 3, 
particulary using trimethylsilyl triflate as the Lewis acid activator (Scheme 46). 
o 
~ LewisAcid ~N---.rPh DCM,-10 oC 
b J 
(32) 
Entry Activator 
a SnC4 
b TiC4 
c BF3.0Et2 
d H2S04 
e TMSOTf 
(33a) 
Scheme 46 
Yield (33) (%) 
98 
93 
99 
80 
97 
Table 3 
(33b) 
(33a) : (33b) 
2: I 
2: 1 
3:1 
6: 1 
2:49: 1 
The stereochemical outcome of the cyclisation reaction leading to product (33aJb) 
was rationalised by invoking the confonnational models highlighted in Figure 7, 
whereby bicyclic lactam (32) leads to a fonnal N-acyliminium species (130) as an 
intennediate. 
In transition state A (Figure I), leading to the favoured product (33a), the carbonyl 
moiety would be "eclipsed" in a 1,3 fashion by the hydrogen atom at the chiraI centre. 
In the alternative transition state (B) however, leading to the minor product (33b), an 
unfavourable 1,3 interaction between the carbonyl group and the more bulky Lewis 
acid complexed oxymethyl group exists. Due to the possibility of chelation of both 
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the amide oxygen and the alkoxy group, confonnation (B) may appear more 
favourable, which would lead to a 7-membered chelate. However, from consideration 
of Table 3 (entries a-c), if chelation is taking place it is resulting in a lower level of 
diastereoselection. 
(130) 
At 
o 
I 
H 
(C) 
o 
LA-O I 
H 
(D) 
Q-LA 
Figure 1 
o 
(33a) 
MAJOR 
o 
~N i-OH 
"8 
(33b) 
MINOR 
1.5.2 Stereoselective Synthesis of Isoquinoline Derivatives 
Derivatives of the isoquinoline ring system are found as major structural motifs in a 
wide range of natural products and biologically active compounds and therefore new 
synthetic routes to these targets are of general interest.17 Based on their 
stereoselective approach to isoindoloisoquinoline ring systems, Allin78 et al 
recognised that a suitably substituted bicyclic lactam could act as a precursor in a 
stereoselective approach towards the tetrahydroisoquinoline ring, which can be seen 
as a sub-unit (BCD rings) of the protoberberine alkaloids exemplified by xyJopinine 
(131) and its derivatives?9,80 
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MeO 
MeO 
x 
OMe 
OMe 
X=H2. (131). xylopinine 
X=O. known precursor 
Asymmetry was introduced during the key ring forming step; the stereoselective 
cyclisation of a bicyclic Iactam substrate (132) via an N-acyliminium intermediate. 
The desired tetrahydroisoquinoline ring system was isolated as a single 
diastereoisomer, this represented the BeD sub-unit of the protoberberine alkaloids 
(Scheme 47). Although bicyclic lactams derived from l3-amino alcohols containing 
5,5.55,81 and 5,6_82,83a.b ring systems have been widely utilised in asymmetric 
synthesis, the application of the 5,6-system as a precursor in an N-acyliminium 
mediated cyclisation reaction leading to tetrahydroisoquinoline targets represented a 
novel application of this chiraI template. 
OMe 0 ./OH 
OMe TiCI4.DCM 0 N • 6=0 -10°C. 20 h - 17 H I """'- OMe 
OMe 
(132) (133a) 
Scheme 47 
The stereochemical outcome of the cyclisation reaction leading to product (133) was 
rationalised by invoking the conformational models highlighted in Figure 2, whereby 
bicyclic lactam (132) leads to a formal N-acyliminium species (134) as an 
intermediate. 
In conformation (A), the carbonyl moiety is ueclipsed" in a 1,3-fashion by the small 
hydrogen atom at the l3-amino alcohol chiraI centre leading to the observed 
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diastereoisomer (133a). The angular H-atom at the iminium carbon provides no 
significant steric bulk to interfere with the steric positioning of the aromatic group or 
the Lewis acid complexed oxymethyl groups. 
Bond rotation about the extra-annular C-N bond leads to an alternative conformation 
(B), which would lead to the unobserved diastereoisomer (133b). This model has the 
aromatic group positioned as the larger substituent. In this scenario an unfavourable 
I,3-interaction appears to exist between the carbonyl group and the more bulky Lewis 
acid complexed oxymethyl group exists. 
0 0 
/OH 
o . 
~j:/O-LA O-LA H 
Ar OMe H Ar 
H OMe 
(134) (A) (133a) 
OBSERVED 
0 
LA-O /OH 0 
Ar 
H H 
(B) OMe 
OMe (133b) 
UNOBSERVED 
Figure 2 
1.5.3 Stereoselective Synthesis ofthe Tetracyclic Erythrinane Core 
The pyrroloisoquinoline ring system is found as a major structural motif of the 
Erythrina alkaloid group of natural products.36 The genus Erythrina is common in 
tropical and sub-tropical regions and the alkaloids have been used in indigenous 
medicine.84 
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, " 
Members of the Erythrina type family display curare like and hypnotic activity, and a 
variety of pharmacological effects are associated with the erythrinane skeleton 
including sedative, hypotensive, neuromuscular blocking CNS activity.ss The vast 
majority of naturally occurring Erythrina alkaloids have the tetracyclic framework 
and substitution pattern of (135). 
z 
MeO 
RO-: 
XorZ=O 
R=Me 
(135) 
x 
There has been much interest in the synthesis of Erythrina alkaloids and their 
derivatives (including pyrroloisoquinoline precursors) over recent years, with many 
approaches involving N-acyliminium cyclisation as a key step, several of which have 
attempted to address the issue of stereocontrol in the cyclisation. 36 
AlIin86 et al have extended their investigations to the facile stereoselective synthesis 
of the tetmcyclic core of the Erythrina ring system. 
MeO "'" 
I"-p 
MeO "" 
MeO 
o MeO 
MeD'"'' 
Erysolramidine (-)-3-Demelhoxyery!hralidinone 
Treatment of the lactam (136) with TiCI4 as the Lewis acid activator at -78 ·C 
produced the tetmcyclic product (137) in 92% yield and with excellent 
diastereoselectivity (Scheme 48). Presumably, cyclisation to yield the product (137) 
proceeds via the N-acyliminium ion (138). 
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1.5.4 Stereoselective Synthesis oflndole Alkaloids 
(137) 
OH 
o 
We have recognised that methodology undertaken in the synthesis of isoindolinone, 
isoquinoline and erythrinane ring systems could be applied to the construction of 
indole alkaloids. Figure 3 highlights some interesting indole natural products that 
have emerged as viable targets during the development of novel methodology in our 
laboratory. 
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geissoschizine 
OH 
geissoschizol 
dihydrogambirtannine 
ajmalicine (Rf = H, R2 = Me) 
epi-ajmalicine (R = Me, R2 = H) 
Figure 3 
In this thesis we describe the development of the stereoselective N-acyliminium ion 
cyclisation reaction for the asymmetric synthesis of these important heterocyclic 
targets. A common structural feature shared in the indole alkaloids represented in 
Figure 3 is the piperidine unit containing a chiral centre with an indole substituent. 
Using model (139), Scheme 49 outlines our retrosynthesis of this class of compound. 
This methodology may allow access to the tetracyclic core (139) found as a structural 
motif in all of the alkaloids shown in Figure 3. 
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/ 
(141) 
Removal of the hydroxymethyl "auxiliary" and subsequent lactam reduction would 
allow access to the fused tetracyclic core (139) from (140). Precursor (140) is formed 
via the intramolecular cyclisation of the indole nucleus onto the N-acyliminium 
intermediate (141), which is generated by Lewis acid mediated activation of the 
bicyclic lactam (142). 
Access to the lactam is achieved by the condensation of the amino alcohol derivative 
of R-tryptophan (143) with ester (144). Both enantiomers of the ring system would be 
available simply by using the antipodes of tryptophan as the original substrate. Others 
have shown that indole can be used as an internal nucleophile in N-acyliminium 
cyclisation reactions with the same regioselectivity as planned in our 
syntheses.42,43,87,88 
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Ajmalicine (147) is a potent peripheral and central vasodilator, which has been 
demonstrated clinically to prevent platelet aggregation. 89 Ajmalicine (147) has been 
prescribed widely for the treatment of cardiovascular diseases, and is extracted in a 
commercial process from Catharanthus roseus. 
A total synthesis of (-)-ajmaIicine (147) has involved a carboxylate terminated N-
acyliminium cyclisation as a key step, which formed the DE ring system of (146) in 
one step (Scheme 50).89 The acid first cleaves the benzylic group of (145), prior to 
formation of the acyliminium species. J 
OMe 
MeD 
Qf:~ ~-;:? OLi (HCHO)n \\ ,j CF3COOH I 0 0 -CHCf3 (1:1) N 
Tf 
(145) 
ScbemeSO 
N 
Tf 
"46, j 
(147) 
,~+<;> 
O~O 
H 
An N-acyliminium ion (148) has been proposed as an intermediate. 
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Yohimbine (151), regarded by African natives as a potent aphrodisiac, occurs 
naturally in the bark of various trees, for example, Pausi11J'stalia yohimba Pierre and 
Aspidospl.->rTTUJ quebrachoblanco Schlecht.90 
A formal total synthesis of yohimbine90 (151) has involved cyclisation of a periodate 
cleavage product of a 1,2-diol, most likely the hydroxylactam (149) in Scheme 51, to 
give the hexacyclic amide of the pseudoyohimbine (i.e. stereochemistry ~-H at C-3) 
(150). This was transformed into pseudoyohimbine, which had previously been 
epimerised to yohimbine (151).1 
~ 
~ # I 
H3P04 H 
• 
60-70oC, 
Ro)-8 
20min -::::.\,~,. 
Ro)-8 
(149) (150) 
I I 
~ 
~ # 
N 0 
H H 
H\\"'" 
Me02C"'" 
(151) OH 
Scheme 51 
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The N-acyliminium ion (39) has been proposed as an intermediate. 
In a formal total synthesis of vindorsine (153), reduction of the imide with acidic 
borohydride was regioselective (Scheme 52).72 The carbinollactam (152) served as 
the direct precursor of the N-acyliminium ion (154) which underwent intramolecular 
cycJisation with an acetoacetate side chain as the nucJeophile.1 
(152) 
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The N-acyliminium ion (154) has been proposed as an intermediate. 
1.6 Biosynthesis of Indole Alkaloids 
1.6.1 Simple p..Carboline Alkaloids 
Alkaloids based on a IJ-carboline system (156) exemplify the formation of a new six 
membered heterocyclic ring using the ethylamine side chain of IIyptamine in a 
process analogous to generation of tetrahydroisoquinoline alkaloids. Position 2 of the 
indole system is nucleophilic due to the adjacent nitrogen, and can participate in a 
Mannich/Pictet-Spengler type reaction, attacking a Schiff base generated from 
tryptamine (54) and an aldehyde (155) or keto acid. Extra carbons are supplied by 
aldehydes or keto acids according to the complexity of the substrate. Therefore, 
terpenoid indole alkaloids as ajmalacine (147) a complex J3-carboline are produced by 
a pathway using an aldehyde such as a secologanin (Scheme 53).91 
~ ~ ~ ;) ~ ;), I I NH2 N ~ ~H+ H 
(54) OHC'R R R I (155) 6 5 
~ 4 [01 7~ ;) "",3 
--
8 I 
""N2 ~9 1 
f3-carboline R R 
(156) 
Scheme 53 
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1.6.2 Terpenoid Indole Alkaloids 
The terpenoid indole alkaloids are one of the major groups of alkaloids in plants with 
more than 3000 recognised. They are found mainly in eight plant fumilies, of which 
the Apocynaceae, the Loganiaceae, and the Rubiaceae provide the best sources. 
These structures are outstanding in terms of complexity and have only been 
rationalised in terms of their biochemical origins after painstaking experimental 
studies of various groups. 
In virtually all structures a tryptamine portion can be recognised A C9 or C 10 residue 
makes up the remaining fragment, and three main structural types are apparent These 
are termed the Corynanthe type (157) as in ajmalicine (147) and akuammicine (158), 
the Aspidosperma type (159), as in tabersonine (160), and the lboga type (161), 
exemplified by catharanthine (162). 
The terpenoid origin was shown to be the C9 or CIO fragment, and the secoiridoid 
secologanin (163) was identified as the terpenoid derivative, which initially combined 
with the tryptamine portion of the molecule (Scheme 54).91 
The alkaloid groups Corynanthe (157), Aspidosperma (159) and lboga (161) could be 
related and rationalised in terms of rearrangements occurring in the terpenoid part of 
the structures (Scheme 14). Secologanin (163) itself contains the ten carbon 
framework typical of the Corynanthe group (157). By rearrangement of the 
Corynanthe skeleton (157) the Aspidosperma (159) and Iboga groups (161) can 
arise.91 
This is represented by detachment of a three carbon unit, which is then rejoined to the 
remaining C7 fragment in one of two different ways. The alkaloids normally appear 
to lose the carbon indicated by a circle where C9 terpenoid units are observed. This 
corresponds to the carboxylate function of secologanin (163) and its loss by 
hydrolysis/decarboxylation is now understood.91 
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Chapter 2 
Results and Discussion 
2.1 Stereoselective Synthesis of the Indolizino[8,7-h]indole Ring 
System 
2.1.1 Introduction 
As detailed in Section 1.3, the Meyers bicyclic lactam has proven to be an exceptional 
chiral template for the construction of a wide range of optically pure carbocycles and 
heterocycles, which has been illustrated with many applications to total synthesis.! 
Adopting the general method for the preparation of chiral, non-racemic bicyclic 
lactams, the AlIin group has developed a new and general approach for the 
stereoselective synthesis of a wide range of non-racemic heterocycles. It was 
recognised by our group that a suitably substituted bicyclic lactam could act as a 
precursor for the stereoselective synthesis of non-racemic hetereocyclic targets as the 
isoindolinone2, pyrroloisoquinoline3 and isoquinoline4 ring systems (Section 1.5). 
This approach was later applied to the construction of indolizino[8,7-b]indole (li" 
and the indolizino[2,3-a]quinolizidine (2)5b,c ring systems. 
~ R 
(1) (2) 
Our initial investigations focused upon the construction of the indolizino[8,7-h]indole 
ring5• and subsequent manipulation of this system. This was undertaken to provide 
more understanding of these model systems, upon which more interesting targets 
containing the tetracyclic core (2) could be synthesised. 
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2.1.2 Potential Applications of the IndolizinoI8,7-bJindole Ring System 
Cholecystokinin (CCK) is a peptide hormone and neurotransmitter involved in 
modulating gastrointestinal and behavioural activities by interacting with specific 
receptors. Two CCK receptor subtypes have been characterised: CCKI-receptors that 
predominate in the periphery and CCK2-receptors located in the CNS. Changes in the 
levels of CCK found in tissues and sera of patients with various disease states 
including schizophrenia and eating disorders as well as the effects of CCK derivatives 
in neuroprotection, models of Parkinson's disease, cancer, anxiety and pain, indicate 
the potential utility of CCK receptor ligands as therapeutic agents. GonzaIez-Muiiii 
et at reported on the ability of templates such as (3) to behave as CCK 1 receptor 
antagonists and proposed that the presence of a p-tum-like conformation within the 
peptide backbone of dipeptoids could contribute to their bioactive conformation at the 
CCK] receptor subtype. 
H 
(3) NHZ 
An important feature of peptide and protein secondary structure is when the amino 
acid chain reverses direction. Due to their frequent appearance on the external surface 
of the molecule, the reverse turns are postulated as loci for receptor binding, antibody 
recognition and posttranslational modifications.7 However, most of the biologically 
active peptides are highly flexible molecules and the number of possible 
conformations complicates attempts to relate structural parameters and activities. Due 
to these problems, major efforts have been devoted to the development of templates or 
scaffolds that mimic or stabilise these secondary features, especially p-tums. Several 
non-peptide systems have been designed to mimic the different types of p-turns, 
including heterocyclic, aromatic and lactam derivatives. The incorporation of some of 
these scaffolds into bioactive peptides has led to peptidomimetics with enhanced 
activity or metabolic stability.7 
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2.1.3 Approaches to the Indolizino[8,7-b ]indole Ring System 
A wide variety of indolizino[8,7-b]indole derivatives (1) have been prepared by the 
Pictet-Speng!er reaction of tryptamine (4) with keto-acids (5). Scheme 1 shows the 
condensation via the Pictet-Spengler reaction forming a intermediate tetrahydro-~­
carboline derivative (6), the resulting secondary amine then reacts intramolecuIarly 
with the second functional group effecting ring closure to (7).8,9 
c;: 
R 
(5) 
Scheme 1 
OH 
N 0 
H R 
(7) 
Following the conversion of tryptamine or tryptophan to their succinimide derivatives 
(8), cyclisations can proceed via the Bischler-Napieralski conditions to form 13-
carboline compounds (9) (Scheme 2). lO 
Results and Discussion 54 
~I~ POCls "-{~Jo~~ To"oo,' 
(8) R 
Scheme 2 
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AllinSa reported on the approach to the indolizino[8,7-b ]indole ring derivative (12) 
through formation and subsequent borohydride reduction of an imide intermediate 
(10), accessed in 54% yield from the required f3-amino alcohol and succinic 
anhydride. In the approach, the intermediate ethoxy lactam derivative was not 
isolated since, under the reaction conditions, direct cyclisation via an N-acyliminium 
intermediate was observed to yield the target heterocycle (12) in a 45% yield and as a 
9: I mixture of diastereoisomers. The major diastereoisomer was isolated by 
crystallisation and the relative stereochemistry of this product was determined by 
n.O.e studies (Scheme 3). 
~( NaBH4, EtOH ;:;( 
• 
0 2M HCI, 20 h, 0 0 OEI 
OH OH 
(11) 
1 H+ 
OH 
0 
H 
(12a) 
Scheme 3 
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Allin rationalised the stereochemical outcome of the cycIisation reaction leading to 
product (12) by invoking the conformational models highlighted in Figure 1, whereby 
imide intermediate (10) leads to a formal N-acyliminium species (13) as an 
intermediate. 
0 
QN-f/OH 
-
H R R 
(13) 
R=lndole 
0 
H 
(A) 
H 
(8) 
OH 
R 
Figure 1 
(12a) 
MAJOR 
(12b) 
MINOR 
H 
OH 
0 
OH 
o 
In conformation (A), the carbonyl moiety is "eclipsed" in a 1,3-fashion by the small 
hydrogen atom at the 13-amino alcohol chiral centre leading to the major 
diastereoisomer of (12a). The angular H-atom at the iminium carbon provides no 
significant steric bulk to interfere with the steric positioning of the indole or the 
hydroxymethyl groups (Figure 1). 
Bond rotation about the extra-annular C-N bond leads to an alternative conformation 
(B), which leads to the minor diastereoisomer of (12b). This model has the indole 
group positioned as the larger substituent. In this scenario an unfavourable 1,3-
interaction appears to exist between the carbonyl group and the more bulky 
hydroxymethyl group. 
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Letell et al reported on the alkyllithium addition-N-acyliminium ion cyclisation 
sequence on readily available imides en route to the indolizinoindole ring system 
analogous to (18) (Scheme 4). 
• 
AcOH, ~ 
QJJ ~ ;/ I 
N HNY'\ t 
H 11 \J R 
(17) 0 
TFAl DeM, RT 
Scheme 4 
Qn ~ ;/ ~ lo=tJo 
(15) 
RLi 1 THF, -78°C, 
6h 
<J--
1
../'.... R ~NJ }---{. 
H odJ OH 
(16) 
Lete et al prepared the imide intermediates (15) by acylation of tryptamine (4) with 
cyclic anhydrides (14) under classical conditions. The corresponding oxo amide (17) 
or hydroxylactams (16) was formed when the imides (15) were subjected to 
nucleophilic addition of the organolithium reagent. Subsequent treatment with TF A 
resulted in cyclisation to the fused f3-carboline systems (18) via the formation of the 
corresponding N-acyliminium ions. 
As previously mentioned it was recognised by our group that a suitably substituted 
bicyclic lactam could act as a precursor for the stereoselective synthesis of the 
indolizino[8,7-b]indole ring system (1). Indeed, access to the indolizino[8,7-b]indole 
ring (1) is now well established within our group, this methodology was followed in 
the synthesis of the required bicylic lactam (22) and the subsequent indolizino[8,7-
b]indole ring system (23a).5. 
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The synthesis began with the fonnation of the commercially available fJ-amino 
alcohol derivative of (S)-tryptophan, (2S)-2-amino-3-(IH-indol-3-yl)propan-l-ol. 
However following a procedure by Giannis and Sandhoff, 12 the more readily available 
(S)-tryptopban (19) was reduced with lithium borobydride and chlorotrimethyIsilane 
in tetra1Jydrofuran to give the corresponding enantiomerically pure 'fJ-amino alcohol' 
(20) in 84% yield. The fJ-amino alcohol was reacted under Dean-Stark conditions 
with the appropriate keto-acid (levulinic acid) (21) for 48 h. Under these conditions 
both the expected bicyclic lactam (22) and indolizino[8,7-b]indole derivative (23a) 
were fonned. The indolizino[8,7-b]indole derivative was isolated in a 53% yield 
(Scheme 5).58 
0 LiBH •• 
OH TMSCI OH 
NH2 THF. rt. N 24h H 
(20) 
c;"" (21) 0 Toluene • .i. 48 h 
Me 
0 
OH 
.r;i" + 0 e 0 
(23a) 
SchemeS 
Upon examination of the crude mixture by 250 MHz IH NMR spectroscopy it was 
found that (23a) was fonned as a single diastereoisomer. The relative stereochemistry 
of product (23a) was detennined by single crystal X-ray analysis (Figure 2), and was 
found to be as expected based on our experience of cyclisation reactions involving 
similar N-acyIiminium precursors.3 Effectively, retention of configuration at the 
methyl-bearing chiral centre was observed, that is if bicyclic lactam (22) is considered 
as an intennediate.5a 
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Figure 2. Crystal structure of (23a) 
Interestingly, compound (23a) was observed to form two crystallographically unique 
hydrogen bonds; one intramolecular O(2)-H(2A)···O(l) {0(1)···O(2) = 2.597(2) A. 
O(2)-H(2AY··O(I) = 154°} and one intermolecular N(2)-H(2Y··O(2A) {N(2)··0(2A) 
= 2.788(3) A. N(2)-H(2}"·O(2A) = 168°} forming chains along the crystallographic c-
direction.5a 
An alternative mechanism can be envisaged for the formation of (23a) that avoids the 
intermediacy of bicyclic lactam (22), a stereoselective Pictet-Spengler condensation. 
In such a condensation ofthe p-amino alcohol and keto-acid substrate would result in 
the formation of a tetrahydro-p-carboline derivative which under goes lactam 
formation to form (23a) in the final step. To date, no intermediates have been 
observed by us that would support this hypothesis with our substrates. Sa 
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2.1.4 Rationalisation of the Stereochemical Outcome of the Cyclisation 
Reaction 
The stereochemical outcome of the cyclisation reaction leading to product (23a) has 
been rationalised by invoking the confonnational models highlighted in Figure 3, 
whereby bicyclic lactam (22) leads to a fonnal N-acyIiminium species (24) as an 
intennediate. 
In conformation (C), steric interactions between the angular methyl substituent at the 
iminium carbon and the bulky indole substituent can be seen. Bond rotation about the 
extra-annular CoN bond leads to an alternative confonnation (D) with minimised 
steric interference from the iminium carbon substituent, which furnishes the observed 
product (23a) with retention of stereochemistry (Figure 3). 
0 
qNi~OH 
-
Me R 
(24) 
R= Indole 
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2.2 Manipulation ofthe Indolizino[8,7-b]indole Ring System 
2.2.1 Introduction 
Having followed the established procedure for the construction of the indolizino[8,7-
b]indole ring derivative (23a) via our novel N-acyliminium cyclisation, we aimed to 
demonstrate the potential synthetic application of this methodology in target synthesis 
by removal of the hydroxymethyl auxiliary. 
Our group reported on the decarbonylation of aldehyde (25a) with stoichiometric 
chlorocarbonylbis(triphenylphosphine) rhodium (1) (26).5. It was accomplished in 
moderate yield of 38% decarbonylated product (27a) and 12% enamide (28a), but 
there were disadvantages to this procedure. Firstly there was difficulties in the 
purification of phosphorous by-products, but most importantly was the cost involved 
upon using the expensive rhodium complex in stoichiometric amounts (Scheme 6). 
~ 
~ # 
CHO RhCI(CO)(PPh3)2 N 0 
(26) H Me""" 
p-xylene, A,S days 
(27a) 
0 + 
o 
(28a) 
Scheme 6 
2.2.2 Decarbonylation Studies 
Decarbonylation reactions would be very useful in organic chemistry if they could be 
carried out smoothly under mild conditions, The most efficient compounds for 
decarbonylation so far discovered are rhodium complexes, Tsuji and Ohno,13,14 have 
reported on the use of chlorocarbonylbis(triphenylphosphine)rhodium (1) (26) and 
chlorotris(triphenylphosphine)rhodium (I) (29) (Wilkinsons catalyst). 
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I I 
CI-Rh-CO CI-Rh-PPh3 
I I 
PPh3 PPh3 
(26) (29) 
Typical decarbonylations by Tsuji and Ohno involved stoichiometric 
chlorotris(triphenylphosphine)rhodium (1) refluxing in benzene, toluene or p-xyiene. 
They also found catalytic decarbonylation of aldehydes at 200 "C proceeded smoothly 
with the chlorocarbonylbis(triphenylphosphine) rhodium (l) (26) complex:. 14 The 
effects of reaction conditions on the decarbonylation of indole-2-carboxaldehydes 
(30) with complex (26) and 1,3-bis( diphenylphosphino )propane (dppp) (31) forming 
chJorobis[J,2-bis(diphenyJphosphino)propane]rhodium in situ was investigated by 
Meyer and Kruse. Scheme 7 and Table J shows the results of their investigation. 15 
Entry 
A 
B 
C 
D 
E 
F 
LiAIH4 ~ ~ 
--- I 
RhCI(CO)(PPh3n. 
(26) 
P~P(CH2hPPh2 
(31) 
RC&2~ R1 
THF, 0 ·C ~ CHO p-xylene, A, 24 h 
(30) 
Scbeme7 
No. R' R' Mol % Rh Timeh 
30a H H 2 24 
30b H OCH3 3 18 
30c Br OCH3 4 18 
30c 1 24 
30c O.S 48 
30c Sa 48 
% Yield 
82 
95 
95 
93 
82 
1I 
a Chlorocarbonylbls(tnphenylphosphme) rhodIUm (l) (26) was used without the 
addition of I ,3-bis( diphenylphosphino )propane. 
Table 1 
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Chlorocarbonylbis(triphenylphosphine) rhodium (I) (26) has also been used by 
Moody and Warrellow 16 in the final synthetic step to produce lennoxamine (33) in a 
51 % yield from (32) (Scheme 8). 
OMe 0 
MeO 
(32) 
CHO ~ 
.0 RhCI(CO)(PPh3)2 
(26) 
Ph2P(CH2hPPh2 
(31) 
xylene,A,18h 
SchemeS 
OMe 0 
MeO 
P" 
""'-
(33) 0 
0-1 
To undertake our own decarbonylation studies we firstly oxidised our indolizino[8,7-
b Jindole substrate (23a) to the corresponding aldehyde (25). An established 
procedure within our group was followed by using the mild oxidising agent fiX in 
DMSO to furnish the aldehyde (25) in 49% yield (Scheme 9). 
OH IBX,DMSO 
~ Me""'· 0 RT,24h 0 
(23a) (25a) 
Scheme 9 
Our next step was to subject aldehyde (25a) to various methods and conditions to 
furnish the decarbonylated product (27a,b), these are outlined in Scheme 10 and 
Table 2. 
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o 
R= H (27a), Bn (27b) 
R= H (25a), Bn (25b) 
o 
R= H (28a), Bn (28b) 
1 - (PPh3)2RhCOCI (26), A, 4 days 
2 - (PPhahRhCOci (26), 1,3-bis(dipheny\phosphino)propane (31), A, 4 days 
3 - (PPh3hRhCI (29), A, 4 days 
Scheme 10 
When p-xylene was used as the solvent in a catalytic decarbonylation it proved to be 
unsuccessful under all conditions as shown in Table 2 entries A-C and therefore 
another solvent was considered. As previously stated, Tsuji and Ohnol6 showed that 
at 200 °C catalytic decarbonylation of aldehydes with 
chlorocarbonylbis(triphenylphosphine) rhodium (I) (26) was possible. We therefore 
changed to a higher boiling solvent from p-xylene (h.p. = 137-138 0c) to mesitylene 
(b.p. = 163-165 0C). 
The desired decarbonylated product (27a) was formed when using the higher boiling 
mesitylene as the solvent, as shown in Table 2, entry D and E. The corresponding 
enamide (28a) was also formed, in reasonable yields with catalyst (26). There was no 
difference in yields with use of the catalyst (26) in 10 or 25% molar equivalents. A 
key step in catalytic decarbonylation is the expulsion of coordinated CO and 
regeneration of the active catalyst, presumably, the higher reaction temperature 
overcomes the energy barrier and furnishes this process. 17 
When using 1,3-bis( diphenylphosphino )propane and catalyst (26) a poor yield of the 
decarbonylated product (27a) was observed as shown in Table 2 entry F. Upon using 
catalyst (29) only starting material was observed as shown Table 2 entry G. 
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It was envisaged that the rhodium catalyst was perhaps co-ordinating to the nitrogen 
of the indole, therefore hindering the decarbonylation process and resulting in 
moderate yields. In an attempt to increase the yields, N-benzyl protection was carried 
out on the indolizino[8,7-b]indole ring derivative (23a) with sodium hydride (1 
equivalent) and benzyl bromide (1.1 equivalents) furnishing the benzyl protected 
indolizino[8,7-b]indole ring derivative (34) in 62% yield. The corresponding 
aldehyde (2Sb) of the indolizino[8,7-b]indole ring derivative (34) was formed in a 
51% yield following the procedure explained earlier with IBX (Scheme 11). This 
procedure led only to decreased yields as shown in Table 2 entries H and 1. 
OH NaH, BnBr OH 
0 DMF, RT,1 h 0 
(23a) (34) 
IB~ 1 DMSO RT,24h 
CHO 
0 
(25b) 
Scheme 11 
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Entry No Method Solvent R % Molar % Yield % Yield 
(23) equivalent of (27) of (28) 
of catalyst 
A a 1 p-xylene H 10 SM SM 
B a 2 p-xylene H 10 SM SM 
C a 3 p-xylene H 10 SM SM 
D a 1 mesitylene H 10 42 9 
E a 1 mesitylene H 25 42 10 
F a 2 mesitylene H 10 4 
-
G a 3 mesitylene H 10 SM SM 
H b I mesitylene Bn 10 33 16 
I b I mesityene Bn 25 35 16 
SM = Starttng matenal 
Table 2 
Comparing Tables 1 and 2 it can be seen that where use of 1,3-
bis(diphenylphosphino)propane increased yields for Meyer and Kruse 15, with the 
decarbonylations carried out on our own substrates it lead to a fall in yields as in 
Table 2. 
From all the decarbonylations carried out the nse of 10% 
chlorocarbonylbis(triphenylphosphine) rhodium (I) (26), under reflux for 4 days in 
mesitylene were the conditions that gave the best yield. That is decarbonylated 
product (27a) in 42% yield and enamide (28a) in 9% yield. This is reasonable in 
comparison to Moody and Warrellow 16 in which their decarbonylation step to 
produce lennoxarnine (33) resulted in a 51 % yield from (32) (Scheme 8). 
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2.3 Stereoselective Synthesis of the Indolizinol2,3-a]quinolizidine 
Ring System 
2.3.1 Introduction 
Access to the indolizino[2,3-a ]quinolizidine ring system (2) is of great interest and 
significance because this hetereocyclic template is found in a plethora of highly 
bioactive indole alkaloids (Figure 4) including deplancheine (35), geissoschizine (36) 
and vellosimine (37). 
CHO 
(35) (37) 
Deplancheine (35) is an alkaloid isolated from the New Caledonian plant Alstonia 
deplanchei. 18 Geissoschizine (36), a corynantheoid alkaloid, has been isolated from a 
number of plants species and is a pivotal intermediate in the biosynthesis of many 
monoterpenoid indole alkaloids. 19 Vellosimine (37), a sarpagine alkaloid, was first 
isolated from the tree Geissaspermum vellasii in 1958 by Rapoport et al. The extracts 
of its bark, known as paa pereria, have been reported to exhibit curare-like activity.20 
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Indeed, access to the indolizino[2,3-a ]quinolizidine template (2) through application 
of our cyclisation methodology is established within our group. This has been 
demonstrated by the asymmetric synthesis of the simple indole alkaloid (SK -)-
1,2,3,4,6,7,12,12b-octahydroindolo[2,3-a]quinolizine (38),5b the main constituent of 
Dracontomelum mangiferum B I and both enantiomers of deplancheine (35).50 
(38) 
2.3.2 Approaches to the Indolizino[2,3-a]quinolizidine Template 
Recently, various approaches to the construction of this heterocyclic target system (2) 
have been undertaken. The structural diversity and complexity of many of its 
derivatives coupled with their important physiological properties and medicinal 
applications provide intense interest in the synthesis of indole alkaloids.21 
COO~2 et a/ utilised the asymmetric Pictet-Spengler reaction in the synthesis of (+)-
geissoschizine (36). Upon reacting aldehyde (40) with benzyl ester (39) in DCM in 
the presence of TFA, tetrahydro-p-carboline (41) was obtained in 95% yield with 
complete tran.~-transfer of chirality from C-3 to C-I (Scheme 12). 
y0y H 0" 
0 0 
(40) )'1 I"'" TFAlDCM, QoCtoRT.3h 
/0 SPh 
SPh 
0 
(39) (41) 
Scheme 12 
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An alternative approach to (+)-geissoschizine (36) was demonstrated by Martin2J et 
aI, this involved the vinylogous Mannich reaction. The dihydrocarboline species (42) 
was reacted with the vinyl ketene acetal (43) to produce (44). Nucleophilic attack of 
(43) onto (42) occurred with high diastereoselectivity onto the face opposite to the 
carboxyl group at C-5, establishing the correct absolute stereochemistry at C-3 of the 
indole alkaloid target (Scheme 13). 
(42) (44) 
Scheme 13 
Martin23 et al has also utilised the Bischler-Napieralski reaction in total synthesis, 
leading to the formation of dihydrocorynantheol (45). The corynantheine alkaloid 
dihydrocorynantheol (45) was first isolated from the bark of A5pidosperma 
marcgravianum Woodsonin 1962. 
HO 
(45) 
Scheme 14, outlines the Bischler-Napieralski reaction of (46) followed by 
stereoselective hydride reduction to furnish the indoloquinolizidine skeleton (47) as a 
single diastereoisomer. The final step, regioselective hydroboration of the pendent 
vinyl group, delivered dihydrocorynantheol (45). 
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A late stage Fischer indole synthesis was undertaken by Montgomeri4 et aI, 
furnishing the isogeissoschizoid (±)-deformyl-isogeissoschizine (50), upon reacting 
ketone (48) with phenyl hydrazine (49) (Scheme IS). 
o 
H 
HCI. MeOH 
(48) 
Scheme 15 
In our own studies the method previously used in our group was followed in the 
synthesis of the required bicylic lactarn and the subsequent indoIizino[2,3-
a ]quinolizidine ring system. 5 
The synthesis began with the acid catalysed transesterification of O-valerolactone (51) 
with methanol to give methyl 5-hydroxypentanoate (52) in 99% yield This was not 
purified as relactonisation is observed on aqueous work-up or distillation. The 
alcohol was then oxidised to the corresponding aldehyde, methyl 5-oxopentanoate 
(53), with PCC25 in a 70 % yield (Scheme 16) and was taken on without further 
purification.5 
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6 H2S04 Ce pcc, celite Ce MeOH, DCM, RT,2h ~,6h OH "'0 
(51) (52) (53) 
Scheme 16 
The tl-amino alcohol derivative of (S)-tryptophan (19) was reacted under Dean-Stark 
conditions with the keto-acid (53) for 48 h to form the expected bicyclic lactam in 
65% yield as a 5:1 mixture of diastereoisomers (54a) and (54b) (Scheme 17).5 
0 
l;: 
OH Dean-Stark H 0 
+ Ce 
(Ma) 
NH2 Toluene, 48 h 
cJ: 
+ 
"'0 
(53) 
H 0 
(54b) 
Scheme 17 
The relative stereochemistry of the major diastereoisomer (54a) was determined by 
single crystal X-ray analysis (Figure 4), by our group. This indole containing bicyclic 
lactam is a novel example of the fused 5,6-ring system favoured by Amat and 
Bosch/6 and the relative stereochemistry observed for the major isomer was expected 
based on previous results obtained within our groUp.4 
Figure 4. Crystal structure of (54a) 
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The mixture of bicyclic lactam diasterisomers (54a,b) was not separated, but was 
treated with RCI (2M) to promote cyclisation in 97% yield to the indolizino[2,3-
a]quinolizidine product (55a) as a single diastereoisomer (Scheme 18). We 
determined the relative stereochemistry of the single diastereoisomer by single-crystal 
X-ray analysis (Figure 5).5 
cJ 2M Hel, EtOH OH • 0 RT,20h 
H 0 H 
(55a) 
Scheme 18 
Figure 5. Crystal structure of (55a) 
2.3.3 Rationalisation of the Stereochemical Outcome of the Cyclisation 
Reactions 
As in Section 2.1.4 the stereochemical outcome of the cyclisation reaction leading to 
product (55a) was rationalised by invoking the conformational models highlighted in 
Figure 6, whereby bicyclic lactam (54a,b) leads to a N-acyliminium species (56) as an 
intermediate. 
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In conformation (E), the carbonyl moiety is "eclipsed" in a 1,3-fashion by the small 
hydrogen atom at the /3-amino alcohol chiral centre leading to the obselVed 
diastereoisomer (55a). The angular H-atom at the iminiwn carbon provides no 
significant steric bulk to interfere with the steric positioning of the indole or the 
hydroxymethyl groups. 
Bond rotation about the extra-annular CoN bond leads to an alternative conformation 
(F), which would lead to the unobselVed diastereoisomer (55b). This model has the 
indole group positioned as the larger substituent. In this scenario an unfavourable 1,3-
interaction appears to exist between the carbonyl group and the more bulky 
hydroxymethyl group. 
2.3.4 Epimerisation of the Indolizino[2,3-a]quinolizidine Template 
Both enantiomers of the indolizino[2,3-a ]quinolizidine ring system would be 
desirable. The opposite enantiomer has been accessed by simply using (R)-tryptophan 
as the original substrate rather than (S)-tryptophan. 
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The ~-amino alcohol derivative of (R)-tryptophan (57) was reacted under Dean-Stark 
conditions with the keto-acid (53) for 48 h to form the expected bicyclic lactam in 
65% yield as a 5:1 mixture of diastereoisomers (58a) and (58b). 
The relative stereochemistry of the major diastereoisomer, shown in Scheme 18, was 
determined and was as expected based on the synthesis of (54a,b) and by ID aO.e 
studies.5 
The mixture of the bicyclic lactam diasteroisomers was not separated, but was treated 
with HC) (2M) to promote cyclisation in 97% yield to generate the indolizino[2,3-
a]quinolizidine product (59) as a single diastereoisomer (Scheme 19). The relative 
stereochemistry was determined by single-crystal X-ray analysis (Figure 7) and was 
found to be as expected from the investigations in the synthesis of (55a). 5 
N 
H 
(57) 
NH2 
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Figure 7. Crystal structure of (59) 
2.4 Functionalisation of the Indolizino(2,3-a]quinolizidine Ring 
System 
2.4.1 Introduction 
The stereoselective route to the indolizino[2,3-a]quinolizidine core and possible 
functionalisation of this skeleton has been examined by us. Many of the indole 
alkaloid targets identified by us have functionalisation on the D-ring of the 
indolizino[2,3-a]quinolizidine core. We decided to examine the scope of such 
functionalisation, which could potentially he applied en route to the identified indole 
alkaloids in a future total synthesis. Figure 8 outlines some possible 
functionalisations of the cyclised product. 
H 
(55a) 
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The key precursor (55a) has a carbonyl group on the D-ring, and this provides a 
handle for further derivatisations through exploitation of the carbonyl group 
reactivity, e.g. enolate derivatisation and potential conjugate addition on to ring D. 
The presence of asymmetry in the molecule, set up by the N-acyliminium cyclisation 
reaction, could be expected to provide some stereocontrol in these subsequent 
functionalisation reactions. Despite the fact that a,~-unsaturated lactams are known to 
be poor Michael acceptors27 and only a few examples of conjugate addition reactions 
to unsatumted piperidinones are available,23,28 our group explored this possibility. 
a,~-Unsatumtion was introduced into our substrates as described below. 
2.4.2 Introduction of a,p..Unsaturation 
The introduction of a,~-unsaturation was undertaken following a method by Jones, 
Mundy and Whitehouse29 in which selenoxides undergo clean .Iyn elimination to form 
olefins at or below room tempemture. The scope and limitation of the tmnsformation 
of ketones to enones by selenenylation followed by selenoxide elimination was 
examined by Reich30 et aI, and we decided to follow the Reich method. 
H 
(55a) 
H 
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Initially the indolizino[2,3-a]qninolizidine derivative (55a) was bis-protected by 
treatment with sodium hydride (2 equivalents) followed by benzyl bromide (2.2 
equivalents) to give (60) in 66% yield. Protection of the indole nitrogen and the 
alcohol of the hydroxymethyl group are necessary to avoid unwanted side reactions at 
either position during the selenenylation step to make (61) (Scheme 20). 
The bis-protected compound (60) was treated with lithium diisopropylamide (LDA) 
(1 equivalent), and the enolate generated was reacted with phenyl selenide bromide 
(1.1 equivalents) at -78 DC to give the selenide (61). Selenide (61) was not purified, 
but treated with sodium periodate, undergoing selenoxide elimination to give the 
desired a,J3-unsaturated compound (62) in 54% yield from (60) (Scheme 20). 
To demonstrate the potential use of the benzyl groups as protecting groups in natural 
product synthesis we attempted to remove both the N-benzyl and O-benzyl protecting 
groups of indole (60). This was achieved by using dissolving metal reduction3l 
(NalNH3) at -78 ·C, to fumish indolizino[2,3-a]quinolizidine derivative (55a) in 55% 
yield (Scheme 21). 
(60) 
OBn NalNH3 
o . 
-78°C toRT, 
1 h 
Scheme 21 
(55a) 
OH 
o 
This debenzylation was also applied to the indolizino[2,3-a]quinolizidine derivative 
(63). Initially the indolizino[2,3-a]quinolizidine derivative (59) was bis-protected by 
treatment with sodium hydride followed by benzyl bromide to give (63) in 74% yield. 
The same dissolving metal reduction procedure was applied to furnish the 
indolizino[2,3-a]quinolizidine derivative (59) in 54% yield.(Scheme 22). 
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2.4.3 Conjugate Addition Reactions 
A fellow member of the group screened conjugate additions of many nucleophiles and 
found this step to be highly diastereoselective. The relative stereochemistry of each 
product was confirmed by n.ne studies, Protons at positions 2 and 12b have trans 
relative stereochemistry, as shown in Scheme 23. Conjugate addition of a vinyl 
group23 to (62) can be achieved using vinylmagnesium bromide (10 equivalents) in 
the presence of copper cyanide (5 equivalents) and trimethylsilylchloride (5 
equivalents) at _78°C forming (64) in 44% yield. 
OBn VinylMgBr, OBn 
0 CuCN 0 • 
H TMSCI, THF, 
-7 -78 OCto RT, 
24h (64) 
Scheme 23 
The stereochemical induction appears to result from the nucleophile approaching the 
face of the conjugated amide that canies the bulkier benzyloxymethyl-substituent, the 
representations shown in Scheme 23 can be misleading, since the conformation of 
molecule (64) is bowl-like, and the nucleophiles are approaching from the outer 
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(perhaps less hindered) face of the bowl; i.e. from the same face as the H-atom at the 
proximate ring junction. 
2.4.4 Enolate Addition Reactions 
As can be seen from the indole alkaloid targets identified by our group, 
functionalisation at both the C-2 and the C-3 position of the key precursor (55a) is 
necessary. Now that conjugate additions onto (62) were established, we decided to 
explore the possibility of enolate derivatisation onto the col"\iugate addition product 
(64). It was envisaged that the stereochemistry of electrophiles added at the C-3 
position on the D-ring via enolate addition would be controlled by the C-2 vinyl 
group. This was to be examined with the addition of both methyl and ethyl 
electrophiles. 
The enolate of (64), generated from lithium diisopropylamide, was reacted with 
methyl iodide at -78°C to give (65) in 56% yield (Scheme 24). The reaction was 
successful, but it was difficult to see from the 400 MHz IH NMR of the crude reaction 
mixture if a mixture of diastereoisomers was present Upon purification with flash 
column chromatography, IH NMR 400 MHz showed the presence of two 
diastereoisomers. 
OBn LOA. Mel OBn 
0 0 
H THF. H 
-78 °c to RT. 
24h 
Scheme 24 
The reaction was then repeated to detennine the inital ratio of the two 
diastereoisomers and a ID n.O.e study was undertaken to determine the 
stereochemistry of the major diastereoisomer. 400 MHz IH NMR shmved the original 
ratio to be 2:1, an attempted separation with flash column chromatography was 
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undertaken, but the diastereoisomers proved difficult to separate. An attempted n.O.e 
study on the mixture of diasterisomers also proved difficult 
This product mixture was then repurified using flash chromatography and the major 
diastereoisomer was isolated, from which a ID n.O.e study was undertaken. This 
proved successful and the stereochemistry of the major diastereoisomer was 
detennined: the C-3 methyl was found to be in a trans relationship to the C-2 vinyl 
group, as shown in (65). 
This derivatisation was then repeated, using an ethyl electrophile. The enolate of 
(64), generated from lithium diisopropylamide, was reacted with the ethyl iodide at 
-78°C to give (66) in 48% yield (Scheme 25). 
OBn OBn 
0 
LDA,EtI 
0 N 
I H THF, H Bn 
-78 OCto RT, 
(64) 24h (6$) 
Scheme 25 
This resulted in a mixture of diastereoisomers, 400 MHz 1 H NMR showed the ratio to 
be 4:1. An attempted separation with flash column chromatography proved difficult 
So this mixture was then recolumned and the major diastereoisomer was isolated and 
a ID n.O.e study was undertaken. This proved successful and the stereochemistry of 
the major diastereoisomer was detennined: the C-3 ethyl was found to be in a [rans 
relationship to the C-2 vinyl group, as shown in (66). 
The relative stereochemistry is supported by the ID n.O.e studies shown in figure 8. 
A positive n.O.e interaction can be observed between the H atom at the C-2 position 
and the H atom in the alkyl group, both in the methyl and ethyl groups. As we were 
unable to isolate the minor diastereoisomer, we could not perform a set of 
comparative n.O.e studies (Figure 9). 
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Many of the potential indole alkaloid targets identified by our group include the C-3 
E-ethylidine unit, so we decided to introduce this unit to our model compound (60). 
Bis-protected compound (60) was treated lithium diisopropylamide, the enolate 
generated underwent an aldol reaction with acetaldehyde, forming an alcohol. This 
alcohol was then mesylated with triethylamine and mesyl chloride. Elimination with 
5-diazabicyclo[3.4.0]nonene-5 (DBN) resulted in (67) in 85 % yield over three steps 
(Scheme 26).32 
~ 
~ ,-j OBn 1) LOA, CH3CHO ~ 
0 THF, -78 ·C to RT, 24 h N .. 
I H 21 Et3N, MsCI H Bn OCM, -40 ·C to RT, 3 h 
(60) 310BH 
THF, RT, 16h 
Scheme 26 
We reasoned that the stereochemistry of the enolate addition reactions carried out on 
(64) were controlled by the C-2 vinyl group. Therefore, we subjected (67) to a 
hydrogenation step in an attempt to improve the selectivity of the C-3 alkyl group 
introduction. Treating (67) with 20% molar equivalents of 10% palladium on 
charcoal under a hydrogen atmosphere resulted in reisolation of starting material. 
Therefore the molar equivalents of 10% palladium on carbon were increased to 40"10, 
this resulted in compound (68) being produced as a mixture of diastereoisomers. It 
was difficult to determine the ratio of diastereoisomers from the crude 250 MHz IH 
NMR and we were unable to purifY or separate the mixture of diastereoisomers by 
flash column chromatography (Scheme 27). 
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2.5 Template Modification of the Indolizino[2,3-aJquinolizidine 
Ring System 
2.5.1 Epimerisation 
Our group has recognised the potential for the epimerisation of our indolizino[2,3-
a ]quinolizidine templates, since there are numerous literature reports on epimerisation 
reactions in closely related systems. Rapoport33 et al utilised the acid-catalysed 
epimerisation reaction in the formation of key intermediate (70) during the synthesis 
of the pharmacologically valuable indole alkaloid vincamine. They showed that 
compound (70) could be isolated in 71 % yield by refluxing (69) in trifluoroacetic acid 
for 18 hours (Scheme 28). 
TFA 
N • 
H H A,18h 
Me02C Me02C 
(69) ........... (70) ........... 
Scheme 28 
This method was followed, and the tetracyclic product (55a) was heated at refIlL,( in 
toluene for 24 hours in the presence oftrifluoroacetic acid (Scheme 29). 
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400 MHz IH NMR of the crude reaction mixture revealed that the conversion of cis 
(55a) into (rans (71) did not go to completion, with starting material still present All 
attempts to force this to completion failed including longer reaction time and 
increasing the nwnber of equivalents of trifluoroacetic acid. 
This epimerisation methodology was then applied to substrate (64), but we were only 
met with similar results to those noted above. The conversion did not go to 
completion, and all attempts to force the reaction to completion or to separate the cis 
(64) and [rans (72) isomers were unsuccessful (Scheme 30). From our groups 
experience of this epimerisation we reasoned that the reaction is dependant on the 
grade of the trifluoroacetic acid used. When a higher grade oftritluoroacetic acid was 
utilised the epimerisation more readily went to completion, in comparison to standard 
grade trifluoroacetic acid. 
N 
Bn H 
(64) 
OBn 
0 
TFA 
>< 
Toluene, 
d,24h 
Scheme 30 
2.5.2 Ring Expansion/Contraction 
(72) 
OBn 
o 
Camptothecin (73), is a well known anti-twnour alkaloid, which was first isolated 
from Camptotheca acuminata belonging to Nyssaceae. This compound is wen known 
for its potent inhibitory activity against DNA topoisomerase I and also shows activity 
against HIV _1.34 
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Aime4 et af has investigated the secondary metabolites of camptothecin (73). Two 
new camptothecinoids were isolated, the structures of which were determined by 
spectroscopic analyses and chemical conversion from tryptamine (4) and secologanin 
(74) (Scheme 31). 
Qn+ OHC H N NH;z 
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C02Me 
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(74) 
AeOH 
15% Na2C03, 
MeOH, H20, 
RT 
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o 
N 
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(76) 
Scheme 31 
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3) NaI04, MeOH, 
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4) Et3N, EtOH, RT 
o 
o 
I H OGle 
The route applied above by Aime4 et af was accomplished via a Pictet-Spengler 
reaction followed by three-step process for the transformation of the indole 6-5-6 
membered ring system (75) of the ABC-ring to a quinoline 6-6-5 ring system (76). 
We reasoned that we could apply this transformation to our indolizino[2,3-
aJquinolizidine derivatives, and this was attempted on our bis-benzyl protected 
substrate (63) to avoid any unwanted side reactions. The bis-benzyl protected 
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substrate (63), was treated sodiwn periodate and the intennediate isolated, this 
dicarbonyl intennediate (77) was treated with triethylamine (Scheme 32), 
(63) 
1) Nal04, MeOH, 
"""'''OBn H20, RT, 22 h ,;:;? 
o >< "'" 
o 
~~---OBn 
~~~'~O 
BnH"'U 
(77) 
2) Et3N, EtOH, ~ 
RT,16.Sh /'! "-
o 
Scheme 32 
The transfonnation did not proceed to fonn (78), but only resulted in reisolation of the 
starting material. This reaction could in the future, be repeated on a substrate lacking 
the hydroxyme1hyl group therefore there will be no need to use protecting groups and 
this template will closer represent the substrates utilised by Aimi. 
2.5.3 Removal of Hydroxymethyl 'Auxiliary' Group 
We had established the possibility of functionalisation of the indolizino[2,3-
a]quinolizidine template and we now aimed to demonstrate the potential synthetic 
application of our N-acyliminium cyclisation methodology in target synthesis by 
removal of the hydroxymethyl 'auxiliary' group. Our previously applied method to 
remove the hydroxymethyl group from the indolizino[8,7-b]indole ring system 
derivatives involved a rhodiwn-induced decarbonylation sequence (Section 2.2.2). As 
a result of the rather long reaction times generally needed for our substrates we 
decided to apply a more facile strategy that relies upon a decarboxylation approach. 
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Our group became interested in the trialkylstannane-induced decarbonylation of 
phenyl seleno esters, as employed by Martinl9 in the synthesis of geissochizine (36) 
(Scheme 33). 
..",C02H 1) i-BuOCOCI, NMM, 
N 0 PhSeNa 
H"'" 2) n-Bu3SnH, AIBN, 
benzene, 80 °C, 4 h 
(80)Me~C 
Scheme 33 
Sequential reaction of the acid (79) with isobutyl chloroformate and then sodium 
phenylselenide, promoted facile and efficient radical mediated decarbonylation to 
give (80) in 79% overall yield from (79), (80) was converted to the alkaloid (36) in 
one further step. 
To apply the trialkylstannane-induced decarbonylation of phenyl seleno esters, we 
initially oxidised (55a) to the corresponding acid (83) as shown in Scheme 34. The 
indolizino[2,3-a]quinolizidine (55a) was firstly oxidised to the corresponding 
aldehyde (81), using IBX in DMSO in 69% yield. The indole nitrogen was then 
protected since it is known that indole is sensitive to oxidative conditions. The 
protecting group of choice was t-butoxycarbonyl (Boc),35 using triethylamine, N,N-
dimethylaminopyridine (DMAP) and di-I-butyl dicarbonate «BochO) to furnish (82) 
in 76% yield. The acid (83) was formed upon oxidation of the t-butoxycarbonyl-
protected aldehyde (82) with sodium chlorite in 88% yield. 
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With acid (83) in hand we now employed similar conditions used by Martin to 
undertake a radical decarbonylation upon fonning the phenyl seleno ester (84), 
outlined in Scheme 35. Preparation of the phenyl seleno ester (84) was achieved with 
diphenyl diselenide and tri-n-butyl phosphine fonning (84) in 54% yield. A tin-
mediated decarbonylation of the phenyl seleno ester (84) fonned (85) in 81% yield. 
o 
(83) 
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The t-butoxycarbonyl group would eventually have to be removed, so a study was 
undertaken at this point to find a suitable method. Tetra-n-butylammonium fluoride 
(TBAF)37 in THF under reflux for 9 h gave the deprotected compound (86) in 71 % 
yield (Scheme 36). 
~ 
0 TBAF 0 
THF,~, H 9h 
(85) (86) 
Scheme 36 
Since we are required to access both enantiomers of the key indoIizino[2,3-
a]quinolizidine templates (55a) and (59), the same decarboxylation strategy was 
applied to indolizino[2,3-a]quinolizidine isomer (59) (Scheme 37). 
IBX, DMSO 
RT,24h 
o 
(87) 
Et3N, I DMAP, 
(BOC:!O) THF, RT, 4 h 
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Oxidation of the indolizino[2,3-a]quinolizidine derivative (59) with IBX gave the 
corresponding aldehyde (87) in 61% yield. Employing triethylamine, N,N-
dimethylaminopyridine and di-t-butyl dicarbonate furnished (88) in 63% yield The t-
butoxycarbonyl-protected aldehyde (88) was oxidised with sodium chlorite forming 
the acid (89) in 72% yield. Preparation of the phenyl seleno ester (90) was achieved 
as before in 57% yield and subsequent tin-mediated decarbonylation of (90) formed 
the key indolizino[2,3-a]quinolizidine template (91) in 98% yield. 
2.6 Applications Towards Target Synthesis 
2.6.1 Introduction 
The removal of the hydroxymethyl substituent is a natural progression en mule to 
potential indole alkaloid targets, including geissoschizine (36), geissoschizol (92) and 
hirsutine (93). 
N 
H H H 
OMe 
(92) OH 
Geissoschizol (92) has been isolated from Hunteria zeylanica var aji-icana. The 
corynanthe-type alkaloid hirsutine (93) has been shown to have potent antiviral 
activity against influenza A in vitro. Takayama38 et al have studied the structure-
activity relationship of hirsutine compared to natural and synthetic analogues and 
concluded that some of the compounds have potential as therapeutic agents. 
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2.6.2 Conjugate Addition Reactions 
With the structures of potential targets (36), (92) and (93) in mind we intended to 
introduce a,p-unsaturation and subject it to conjugate addition reactions. As 
explained in section 2.4.2, a,p-unsaturation was introduced to (85) with treatment 
with lithium diisopropylamide, and the enolate generated was reacted with phenyl 
selenide bromide at -78 ·C to give the selenide (94). Selenide (94) was not purified 
but was treated with sodium periodate undergoing selenoxide elimination to give the 
desired compound (95) in 93% yield from (85) (Scheme 38). 
o 
LDA,PhSeBr 
THF 
-78 °c to RT, 
24h 
Scheme 38 
NaI04, MeOH, H20 
NaHC03 RT, 18 h 
o 
SePh 
o 
Initially conjugate addition of the vinyl group was attempted tllfough addition of 
vinylmagnesirrm bromide in the presence of copper cyanide at -78 °C, to (95), 
followed by a addition of trimethylsilylchloride. 400 MHz IH NMR of the crude 
reaction mixture indicated that the conjugate addition was successful, but the reaction 
had not gone to completion. Attempted purification with flash colwnn 
cmomatography was unsuccessful and a mixture of starting material (95) and product 
(96) could be isolated. A further attempt to separate product from starting material by 
using prep thin layer cmomatography was undertaken but again was unsuccessful 
(Scheme 39). 
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With targets (36) and (93) in mind, we decided that an acetate equivalent could be 
introduced via conjugate addition chemistry. The required methyl l,3-dithiolane-2-
carboxylate (98) was not commercially available, so this was prepared.39 Readily 
available ethyl 1,3-dithiolane-2-carboxylate (97) was converted to methyl 1,3-
dithiolane-2-carboxylate (98) using sodium hydroxide in methanol via a 
transesterification reaction in 83% yield (Scheme 40). 
C02Et 
A NaOH,MeOH S S U tJ.,30min 
(97) 
Scheme 40 
With the a,~-unsaturation compound (95) in hand we subjected it to the addition of a 
lithiated dithiolane unit. 40.4] Methyl 1,3-dithiolane-2-carboxylate (98) (2 equivalents) 
was treated with lithium diisopropylamide (2 equivalents) at -78 ·C, the derived anion 
underwent a conjugate addition with (95) to fonn exclusively (99) as a single 
diastereoisomer in 47% yield. Analysis of compound (99) by X-ray crystallography 
(Figure 10) revealed that the addition had occurred on the opposite fuce to that 
observed in the studies outlined in section 2.2.4, with the protons at positions 2 and 
12b (la) now having cis relative stereochemistry, as in the natural products 
geissoschizine (36) and geissoschizol (92) (Scheme 41). 
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Figure 10. Crystal structure of (99) 
It was thought that the protecting group was playing a role in the nuc\eophile attack to 
the opposite face from that predicted. This led us investigate the role of protecting 
groups further, we intended to remove the t-butoxycarbonyl group and subject the 
deprotected a,fJ-unsaturated compound (100) to further conjugate additions. 
Following the method explained in section 2.5.2, we subjected a,fJ-unsaturated 
compound (95) to tetra-n-butylammonium fluoride (TBAF) in THF under reflux for 9 
h. 400 MHz lH NMR showed the deprotection of the indole NH but also Joss of 
unsaturation in the compound. Lounasmaa42 reported on the use of neat formic acid 
(HCOOH) as a method of t-butoxycarbonyl group removal, and this method was 
subsequently followed (Scheme 42). 
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Trea1ment of compound (95) with neat formic acid gave (100) in 71% yield, also 
confirmed by X-ray crystallography (Figure 11). 
Figure 11. Crystal structure of (100) 
With the deprotected a,p-unsaturated compound (100) in hand we subjected it to the 
same conjugate addition conditions as described earlier, but with varying equivalents 
of lithiated dithiolane. A remarkable manipulation in the sense of stereochemical 
induction was achieved with template (100) that lacks any N-protection at the indole 
nitrogen. Addition of the dithiolane nucJeophile (2 equivalents) to (100) led to 
selective formation of product (101) in 72% yield, which the protons at positions 2 
and 12b were found to be of trans relative stereochemistry, as seen previously with 
template (64), and as required in the natural product hirsutine (93) (Scheme 43). We 
were unable to obtain an X-ray structure of (101) and ID n.O.e also proved 
unsuccessful. The stereochemistry of (101) was established upon addition of excess 
dithiolane nucleophile (4 equivalents), in the synthesis of(102). 
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The full potential of our approach for the total synthesis of indole natural products 
was demonstrated with the addition of an excess of the lithiated dithiolane nucIeophile 
(4 equivalents) to (100). We reasoned that the dithiolane moiety could serve a dual 
role, as both a nucIeophile and subsequently, in the same POt, as an eIectrophile for 
derivatisation of an intermediate lactam enolate. This domino process would provide 
a highly economic route to access advanced heterocyclic templates. We isolated 
product (102) in 65% yield and as a single diastereoisomer (Scheme 44). Product 
(102) has the correct relative stereochemistry at all three chiral centres required for a 
future synthesis ofhirsutine, (93), as confirmed by X-ray crystallography (Figure 12). 
o 
(100) 
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Figure 12. Crystal structure of (101) 
Subsequently, a,f3-unsaturation was also introduced to the key indolizino[2,3-
a ]quinolizidine template (91) which has the correct absolute stereochemistry about 
ring junction 12b as in geissoschizine and geissoschizol. As described above (91) was 
treated with lithium diisopropylamide, the enolate was then reacted with phenyl 
selenide bromide at -78 °e to give the selenide (103). Selenide (103) was not purified 
but treated with sodium periodate, undergoing selenoxide elimination to give the 
desired compound (104) in 66% yield from (91) (Scheme 45). 
o 
(91) 
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With the a.,~-unsaturated compound (104) in hand we subjected it to the addition of 
varying equivalents of lithiated dithiolane nucleophile. Two equivalents and four 
equivalents resulted exclusively in formation of compound (1 OS) in yields of 64% and 
54% respectively (Scheme 46). 
(104) 
THF, 
(98) -780C to RT 
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o 
C02Me A THF, 
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This domino process seen in the synthesis of (102) did not occur with excess 
equivalents of the lithated dithiolane and we reasoned that the dithiolane moiety could 
not serve a dual role, as both a nucleophile and subsequently, in the same pot, as an 
electrophile. In the synthesis of (102) there was a free NH where upon the lithated 
dithiolane could consequently pick up the H atom and serve this dual role, but this is 
not possible when in this case as the indole is t-butoxycarbonyl-protected. 
Analysis of compound (10S) by X-ray crystallography revealed that the 
stereochemistry was as shown in Figure 13, this was expected from our investigations 
of the synthesis of (99). The protons at positions 2 and 12b have the correct 
stereochemistry, as in the natural products geissoschizine (36) and geissoschizol (92). 
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Figure 13. Crystal structure of (105) 
In conclusion we have found that the relative stereochemistry of the conjugate 
addition product can be influenced through careful selection of the template structure, 
allowing complementary approaches to diastereoisomeric addition products. With 
either the hydroxymethyl auxiliary group present, or judicious choice of indole N-
protection, nucleophilic addition occurs to give cis relative stereochemistry between 
the newly added substituent and the proton at ring junction 12b. An alternative 
manipulation of the template structure can lead to the introduction of trans relative 
stereochemistry between these two groupings. In addition, we have discovered that 
use of a dithiolane reagent in a domino-type process can lead to highly efficient and 
stereoselective functionalisation of our template. 
2.6.3 Enolate Addition Reactions 
Now that conjugate additions reactions were established onto (95) and (104). we 
decided to explore the possibility of enolate derivatisation of the conjugate addition 
product (99). The enolate of (99), generated from lithium diisopropylamide, was 
reacted with the electrophile ethyl iodide at -78°C to give (106) (Scheme 47). The 
reaction was successful, 400 MHz IH NMR of the crude reaction product showed a 
mixture of diastereoisomers were present but it was difficult to determine the ratio. 
An attempted purification and separation of the diastereoisomers with flash colmnn 
chromatography was unsuccessful. 
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LOA. Et! 
THF. 
-78°C to RT. 
24h 
Scheme 47 
This same derivatisation was attempted onto conjugate addition product (105), but we 
were only met with similar results. 400 MHz IH NMR of the crude reaction product 
revealed a mixture of diastereoisomers, but we were once again unable to either 
separate or purify (107) by flash column chromatography (Scheme 48). 
o LOA,EtI 
THF. 
-78°C to RT. 
24h 
Scheme 48 
The full potential of our approach towards indole natural products utilising excess 
lithiated dithiolane nucleophile (4 equivalents.) to a,~-unsaturated compound (100) 
was observed, in comparison to undertaking enolate derivatisation as described above 
With compound (105) in hand, with the protons at positions 2 and 12b having the 
appropriate relative stereochemistry as reqtrired in the natural products geissoschizine 
(36) and geissoschizol (92), we considered these as potential targets. They both have 
the C-3 E-ethylidine unit, so we attempted to introduce this to substrate (105). 
Following the same method as described for compound (67). the generated lithium 
enolate would undergo an aldol reaction with acetaldehyde, forming an alcohol. This 
alcohol could be then mesylated with triethylamine and mesyl chloride, followed by 
elimination with 1,5-diazabicyclo[3.4.0]nonene-5 to generate (108) (Scheme 49). 
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1) LOA, CH3CHO 
o THF, -78 ·C to RT, 24 h 
>< .. 
2) Et3N, MsC) 
DCM, -40 ·C to RT, 3 h 
3)DBN 
THF, RT,16h 
Scheme 49 
The reaction did not proceed as expected, after the aldol step it was difficult to 
determine if this step had occurred as the 400 MHz tH NMR of the crude reaction 
mixture was very broad. Thin layer chromatography showed that all starting material 
had been consumed, therefore we continued with the mesylation and elimination steps 
to form (108). At this point the crude compound was purified by flash column 
chromatography, and showed the appearance of more peaks in the 1-3 ppm region 
which would correspond to the additional carbon chain but showed no sign of an 
olefinic proton in the 7.0-7.05 ppm region and no presence ofOMe of the ester. 
We reasoned that the aldol step had occurred but the mesylation and consequently the 
elimination had not. Therefore the mesylation step and elimination step was repeated, 
flash column chromatography was carried out and 400 MHz lH NMR, but this 
showed the same spectra as described above. It is envisaged that as there is no 
appearance of the OMe of the ester, this group maybe getting hydrolysed in this 
process, another method of elimination may need to be considered. 
2.7 Application of N-Acyliminium CycIisation Methodology in the 
Synthesis of Indole Alkaloid Synthetic Analogues 
2.7.1 Total Synthesis of (+)-12b-Epidevinylantirhine 
Through the application of our novel cyclisation methodology we have been able to 
demonstrate the stereoselective synthesis of several indolizino[2,3-a ]quinolizidine 
derivatives. To demonstrate the potential synthetic utility of our new methodology in 
the target synthesis of complex indole alkaloids and their synthetic analogues, we 
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undertook the synthesis of (+ )-12b-epidevinylantirhine (109) a cleavage product of 
geissoschizol (92).43 
H i 
HO~ 
(109) 
This target has received prior attention from synthetic chemists, carbon-carbon bond 
forming additions to l-alkyl-3-acylpyridinium salts has been examined by Wenkert44 
et al. This methodology was subsequently applied in the synthesis of(±)-12h-
epidevinylantirhine (109) (Scheme 50).45 
Qy)+Br- 1) LOA. ethyl (methylthio) acetate. THF. -78°C 
~ ( .. ) 
(110) ~C02Me 2) 1N Hel. MeOH 
H i 
HOV 
(109) 
1)4N HCI. 
,1. 
2) NaBH4. 
MeOH.OoC 
Scheme 50 
C02Me 
(111) = Et02C~SMe 
1) RalNi,!2) LiAlH4. 
EtOH.,1. THF. 0 °C 
HOv 
(112) 
Exposure of salt (110) to the lithio salt of ethyl (methylthio )acetate, followed by acid 
promoted cyclisation led to 1:1 stereoisomer mixture of ester (111). Desulfurisation 
was achieved upon treatment with mney nickel, and lithium aluminium hydride 
furnished the alcohol (112). Hydrolysis of the vinylogous urethane (112) and 
subsequent borohydride reduction afforded (± )-12b-epidevinylantirhine (109). 
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Ihara 43,46 et al reported on the radical cyclisation of a chiral a,fl-unsaturated ester 
carried out in the presence of rnethylalurniniurn bis (2,6-di-tert-butyl-4-
rnethylphenoxide) (MAD), giving a six rnernbered cyclic acetal diastereoselectively, 
which was transformed into (+ )-12b-epidevinylantirhine (1 (9) (Scheme 51). 
H ~ 
HO -
'-./ 
(109) 
1) BU3SnH, Et3B, MAD, 
toluene, -40 °c 
2) 10 % HCI04, 
THF,20oC 
0y 
3) AgC03Celite, 
benzene,A 
PhMen02CV 
(114) 
1) tryptamine, 
toluene, 110°C, 
2) MeS02CI, Et3N, 
benzene, 20°C 
3) KH, 11krown-6, 
MeOCH2C~Me, 
20°C 
~IOy 1) POCI3, MeCN, A 
2) NaBH4' MeOH, 0 °c 
3) DIBAL, toluene, 0 °c 
SchemeSl 
PhMen02CV 
(115) 
Radical cyclisation of (113) was carried out to form the cyclic acetal, which was 
converted to the lactone (114). Treatment of (114) with tryptamine in hot toluene 
followed by two further steps afforded the cyclised product. Bischler-Napieralski 
reaction followed by reduction ofthe resulting irninium salt with sodium oorohydride, 
produced the indolo[2,3-a]quinolizidine as a single stereoisorner, which was further 
reduced with diisobutyl aluminium hydride to furnish (109). 
Our own route towards (109) utilised our conjugate addition product (99) as a key 
intermediate. The first stage of the transformation to (109) involved the 
desulfurisation47 of the dithioacetal (99) with nickel boride furnishing (116) in 73% 
yield, as detailed in Scheme 52. 
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NiCI2'6H20, 
NaBH4 
1:3 THF-MeOH, 
O·C to RT, 4 h 
SchemeS2 
o 
With (116) in hand we attempted the deprotection ofthe indole NH, utilising the same 
method described previously, Treatment of (116) with neat formic acid genemted 
(117) in 71% yield (Scheme 53), 
0 HCOOH ,0 
• 
RT,28h H 
H ~ H = 
Me02C ./ Me02C ./ 
(116) (117) 
SchemeS3 
Scheme 54 outlines the final step of the synthesis, which involved reduction of both 
the lactam carbonyl and the methyl ester group, This global reduction was achieved 
with lithium aluminium hydride to furnish the desired target (109) in 50% yield 
N H 
H ~ 
./ Me02C 
(117) 
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o liAIH4 
THF. A for 3 h. 
RTfor12h 
SchemeS4 
H 
H ~ 
HOJ 
(109) 
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The IH NMR spectroscopic data of (109) matched that reported in the literature, 45 
however the optical rotation, found to be [aJn= 34.4 (c = 0.5, CH30H), did not match 
the value in the literature43,46 [a]n= 12.3 (c = 0.5, CH30H). 
We were able to obtain an X-ray crystal structure of (109), which confirmed our 
relative stereochemistry of the protons at positions 2 and 12b having a cis relative 
stereochemistry (Figure 14). The absolute stereochemistry was further confirmed by 
us obtaining an X-ray after the original conjugate addition step to furnish (99) (Figure 
9). 
Figure 14. Crystal structure of (109) 
2.7.2 Conclusion 
In summary, a facile and highly stereoselective approach has been developed for the 
formation of important indolizino[8,7-bJindole (Scheme 55) and indolizino[2,3-
a]quinolizidine (Scheme 56) templates from readily available non-racemic substrates. 
The key ring-forming step involves the cyclisation of a pendent indole substituent 
onto an N-acyliminiwn intermediate. 
• Stereoselective synthesis ofindolizino[8,7-b]indole derivatives 
OH 
~: OH 
Me 
NH2 Toluene, Ll, 48 h 0 
Scheme 55 
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• Stereoselective synthesis ofindolizino[2,3-a]quinolizidine templates 
cJ 2MHCI,EtOH OH RT,20h 0 
H 0 H 
SchemeS6 
The potential for application of our novel methodology in target synthesis has been 
demonstrated by removal of the hydroxymethyl group from both indolizino[8,7-
b ]indole (Scheme 57) and indolizino[2,3-a]quinolizidine derivatives (Scheme 58). 
• Removal ofthe hydroxymethyl 'auxiliary' group from indolizino[8,7-b]indole 
(PPh3)2RhCOCI 
A,4days 
SchemeS7 
• Removal of the hydroxymethyl 'auxiliary' group from indolizino[2,3-
a]quinolizidine derivatives 
~ 
COSePh n-Bu3SnH, ~ ~ AfBN 
0 N Toluene, I H 
80 oC,2h Boc 
Scheme 58 
We have demonstrated the functionaJisation of the indolizino[2,3-a]quinolizidine 
derivatives. This was possible by the introduction of a,p-unsaturatioa, conjugate 
addition chemistry and enolate derivatisations (Scheme 59). 
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• Functionalisation of indolizino[2,3-a]quinoIizidine derivatives via conjugate 
addition reactions and enolate derivatisation 
° 
C~Me 
s~s 
LJ 
(4 equivalents) 
LOA 
THF, 
-78 OCto RT, 
24h 
Scheme 59 
Finally, we were able to utilise our methodology in an asymmetric synthesis of a 
cleavage product (109) of the indole alkaloid geissoschizol (92) (Scheme 60). 
• Desulfurisation, acid induced removal of the t-butoxycarbonyl group and a 
global reduction furnished the target molecule 
2.7.3 Further Work 
1) NiC'z-6H20,NaBH4, ~ 
1:3 THF-MeOH, 
o 
OOCtoRT,4h 
2) HCOOH, RT, 28 h H 
3) liAlH4' THF, 
A for 3 h, 
RTfor 12 h 
Scheme 60 
H i 
HO~ 
(109) 
Further work would involve applying the chemistry described to the more complex 
indole natural products_ The discovery of using a dithiolane reagent in a domino-type 
process leading to highly efficient and stereoselective functionalisation of our 
template could be applied to the total synthesis of indole natural products (Scheme 
61). 
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e02Me 
sAs 
LJ (4 equivalents) 
0 
LOA 
• 
H 1l-IF, 
-7aoe toRT, 
24h 
Scheme 61 
N 
H 
o 
' .• ",H 1) 
H"" If-$ 
$
\0 
Me02e J 
(102) 
Product (102) has the correct relative stereochemistry at all three chiral centres that 
are required for a future asymmetric synthesis of hirsutine (93). 
H 
Me~e 
(931 
H 
OMe 
Other methods of introducing the C-3 E-ethylidine unit need to be examined which 
would allow access to possible targets such as geissoschizine (36) and geissoschizol 
(95) (Scheme 62). 
.. 
Scheme 62 
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~ ;) 
N 
H H""" 
"'" H\\\" 
Me02C 
OH OH 
(36) (92) 
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Chapter 3 
Experimental 
3.1 General Information 
3.1.1 Solvents and Reagents 
All solvents, where necessary, were dried and stored over 4A molecular sieves prior 
to use. 
Reagent chemicals were purchased from Lancaster Chemical Synthesis Ltd., Aldrich 
Chemical Company Ltd., Acros (Fischer) Chemicals Ltd., Avocado and Strem 
Chemicals UK. 
3.1.2 Chromatographic Procedures 
Analytical thin layer chromatography (liC) was conducted using aluminium-backed 
plates coated with 0.2 mm silica. Plates were visualised under UV light (254 run) as 
well as through staining with potassium permanganate, 2,4-dinitrophenylhydrazine or 
phosphomolybdic acid. Flash column chromatography was conducted using Merck 
Kiesgel (70-230 Mesh ASTM). Samples were applied as saturated solutions in an 
appropriate solvent or pre-absorbed onto the minimrun quantity of silica. Pressure 
was applied to the column by use of hand bellows. 
3.1.3 Spectra 
Infra-red spectroscopy (IR) was conducted in the range 4000-6000 cm-I, using a 
Perkin-Elmer Fourier Transform Paragon 1000 Spectrophotometer (with internal 
calibration). Samples were run as thin films, by dissolving in appropriate solvent or 
in the form ofKBr discs. 
Nuclear Magnetic Resonance (NMR) spectra CH and \3C) were recorded using either 
a Bruker AC-250 or DPX-400 spectrometer. Multiplicities were recorded as broad 
peaks (hr), singlets (s), doublets (d), triplets (t), double doublets (dd), doublet of 
double doublets (ddd) and multiplets (m). All NMR samples were made up in 
deuterated solvents with all values quoted in pprn relative to tetramethylsilane (TMS) 
as an internal reference. Coupling constants (J values) are reported in Hertz (Hz). 
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Diastereoisomer ratios were calculated from the integration of suitable peaks in the )H 
NMR spectra. 
Mass spectra (highllow resolution) were recorded using Fisons VG Quattro SQ 
instrument and accurate mass were recorded using a Kratos MS-80 instrument. 
3.1.4 Other Data 
Elemental analyses were conducted on a Perkin-Elmer 2400 CHN Elemental 
Analyser. Melting points were determined using electrical 9100 Thermal Melting 
Point instrument. Optical rotations were performed using an Optical Activity AA-1O 
Automatic Polarimeter and are reported in units of 10-) deg cm2 got. A Bruker Smart 
1000 CCD diffiactometer co rotation with narrow frames was used to collect X-ray 
data. Yields (unless otherwise stated) are quoted for isolated pure products. 
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3.2 Synthesis ofIndolizino[8,7-h}indoles 
(2S)-2-Amino-3-(IH-indol-3-yl)propan-l-ol (20)12 
OH 
Trimethylchlorosilane (12.4 ml, 97.9 mmol) was added to a solution of lithium 
borohydride (I.07 g, 49.0 mmol) in anhydrous tetrahydrofuran (75 ml) under a 
nitrogen atmosphere over the course of 2 minutes. (S)-tryptophan (19) (5.0 g, 24.5 
mmol) was added portionwise to the mixture over 5 minutes. After 24 hours stirring 
at room temperature the mixture was treated with methanol (30 ml) which was added 
cautiously. The methanol was evaporated and the resulting oil treated with 20% 
potassium hydroxide solution (20 ml). The solution was washed with ethyl acetate (3 
x 100 ml) and the combined organic extracts dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. This yielded a 
light brown oil (3.93 g, 84%), which required no further purification; Vowx (thin film, 
DCM)/cm·1 3280 (NH); t5JJ(250 MHz; DMSO) 2.60 (lH, dd, J 14.1, 7.2, 
CH(H)CHNH2), 2.74-2.92 (UI, ID, CH(H)CHNH2), 2.97-3.09 (UI, In, CHNH2), 3.21-
3.29 (UI, m, CH(H)OH), 3.40 (UI, dd, J 10.2, 4.6, CH(H)OH), 6.99 (UI, t, J 6.7, 
ArH), 7.08 (HI, t, .1 7.4, ArH), 7.15 (lH, s, CHNH), 7.37 (Ill, d, .1 7.9, ArH), 7.57 
(Ill, d, .17.6, ArH), 10.90 (lH, br, s, NH); <>c(lOO MHz; DMSO) 29.7 (CH2), 53.9 
(CH), 66.1 (CH2), 111.7 (CH), 111.8 (C), 118.7 (CH), 118.8 (CH), 121.1 (CH), 123.4 
(CH), 127.3 (c), 136.5 (C); MS (El) mlz 190 [~, 2.3%); (Found: M+, 190.11068. 
CIIHI4N20 requires 190.11061). 
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(5S,11 bS)-5-Hydroxymethyl-ll b-rnethyl-l ,2,5,6, 11 ,11 h-hexahydro-indolizino[8,7-
b1indol-3-one (23a)58 
OH 
o 
(2S)-2-Amino-3-(IH-indol-3-yl)propan-l-ol (20) (3.9 g, 20.7 mrnol) and levulinic 
acid (21) (2.39 g, 20.7 mmol) were added to toluene (150 rnl) and refluxed under 
Dean-Stark conditions for 48 hours. The reaction was cooled to room temperature 
and the solvent was removed on the rotary evaporator. The resulting solid was 
adsorbed onto silica and purified by flash column chromatography over silica with 8:2 
ethyl acetate:light petroleum as eluent to produce an off white solid (2.88 g, 53%); 
Mp 212-214 ·C; [a]D = -229.8 (c = 1.2, DCM); Vmax (thin film, CDCbYcm-1 3263 
(NH), 1652 (NC=O); <M250 MHz; CDCh) 1.65 (3H, s, CH.l), 2.19-2.34 (2H, m, 
CH2CH2CO), 2.48 (1H, ddd, J 16.9, 8.6, 3.7, CH(H)CO), 2.65-2.82 (1H, m, 
CH(H)CO), 2.65-2.82 (1H, m, CH(H)CHN), 3.05 (lH, dd, J 15.5, 11.6, CH(H)CHN), 
3.59-3.75 (111, m, CHCH20H), 4.14-4.20 (2H, m, CH20H), 5.05 (IH, t, J 7.4, OH), 
7.08-7.21 (2H, rn, ArH), 7.35 (!H, d, J 8.0, ArH), 7.48 (!H, d, J 7.6, ArH), 7.88 (!H, 
br, s, NH); (5c(100 MHz; CDCh) 24.3 «(.l'h), 25.5 (Clh), 31.3 (CI-h), 32.7 (Cfh), 
55.5 (CH), 62.4 (C), 62.5 (CH2), 107.5 (C), ])1.0 (CH), 118.6 (CH), 120.1 (CH), 
122.4 (CH), 126.6 (C), 136.3 (C), 137.1 (c), 174.5 (NC=O); MS (El) mlz 270 [~, 
23.2%]; (Found: ~,270.13639. CI6HISN202 requires 270.13683). 
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(5S,11 bS}-11 b-Methyl-3-oxo-2,3,5,6,11,11 h-hexahydro-IR-indolizino[8, 7 -b Jindole-5-
carbaldehyde (25a )58 
H 
o 
To a solution of (SS, 11 bS}-5-hydroxymethyl-ll b-methyI-I,2,5,6,1l,lIb-hexahydro-
indolizino[S,7-b]indoI-3-one (23a) (1.36 g, 5.01 mmol) in dimethylsulfoxide (J5ml) 
was added mx (2.7S g, 10.0 mmoI) with stirring under a nitrogen atmosphere. After 
24 hours stirring at room temperature water (250 ml) was added and aqueous mixture 
was extracted into ethyl acetate (3 x 100 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. The crude product was absorbed onto silica and purified by flash column 
chromatography with ethyl acetate to give an off-white solid (0.66 g, 49%), Mp 170-
171°C; [aJD = -91.3 (c = 3.2, DCM); Vmax (thin film, DCM)/cm-1 3307 (NH), ]666 
(C=O), 1693 (NC=O); oH(400 MHZ; CDCI3) 1.68 (3H, s, CH3), 2.16-2.35 (IR, m, 
CH(H)CHzCO), 2.16-2.35 (IR, m, CHzCH(H)CO), 2.46-2.56 (lH, m, 
CH(H)CH2CO), 2.46-2.56 (UI, m, CH2CH(H)CO), 2.99 (UI, dd, .T 15.6, 5.2, 
CH(H)CHN), 3.11 (UI, dd, .T 16, 11.2, CH(H)CHN), 3.84 (UI, dd, J 1O.S, 4.S, 
CHCHO), 7.05-7.09 (IR, m, ArH), 7.12-7.16 (lH, m, ArH), 7.2S-7.3] (lB, m, ArH), 
7.42-7.44 (UI, m, ArH), 9.29 (UI, br, s, NH), IO.OS (IB, s, CHO); llc.{100 MHz, 
CDCh) 21.3 (CH2), 27.2 (CH3), 29.5 (CH2), 32.4 (CH2), 58.8 (CH), 61.6 (C), 106.5 
(c), 111.4 (CH), 11S.4 (CH), 119.8 (CH), 122.4 (CH), 126.6 (c), 136.5 (c), 137.2 
(c), 178.4 (NC=O), 196.2 (CHO); MS (El) mJz 268 (M.., 0.60 %); (Found: M", 
268.12060. C16H16Nz02 requires 268.12 I IS) 
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I 
(11bS}-11b-Methyl-l,2,5,6,11,11b-hexahydro-indolizino[8,7-b]indol-3-one (27a)5o 
o 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (5.2x lO-2 g, 7.5xlO-2 mmol) 
was added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture 
warmed to 80°C with stifling until the rhodium complex dissolved. (5S,llbS)-Ilh-
methyl-3-oxo-2,3,5,6,11, 11 b-hexahydro-lH-indolizinol8,7-b ]indole-5-carbaldehyde 
(25a) (0.2 g, 0.75 mmol) was added and the mixture heated at reflux for 96 hours 
under nitrogen. The solvent was removed on the rotary evaporator and the resulting 
solid was adsorbed onto silica and purified by flash column chromatography over 
silica with 3:1 ethyl acetate:hexane as the eluent to produce an off-white solid 
(7.53 x 10-2 g, 42%); 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (0.13 g, 0.19 mmol) was 
added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture warmed to 
80 ·C with stirring until the rhodium complex dissolved. (5S,1lb.'>)-1l b-methyl-3-
oxo-2,3,5,6,11, 11 b-hexahydro-lH-indolizino[8, 7-b ]indole-5-carbaldehyde (25a) (0.2 
g, 0.75 mmol) was added and the mi,,1ure heated at reflux for 96 hours under nitrogen. 
The solvent was removed on the rotary evaporator and the resulting solid was 
adsorbed onto silica and purified by flash column chromatography over silica with 3: 1 
ethyl acetate:hexane as the eluent to produce an off-white solid (7.50x 10-2 g, 42%); 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (5.2x lO-2 g, 7.5xI0-2 mmol) 
was added to mesitylene (l5 ml) under nitrogen and the mixture warmed to 80 ·C 
with stifling until the rhodium complex dissolved. 1,3-
bis(diphenylphosphino)propane (31) (7.7xI0·2 g, 0.19 mmol) was added and the 
solution was stirred for a further 15 minutes until a fine yellow precipitate formed. 
(5S,11bS)-11b-methyl-3-oxo-2,3,5,6,11, 11h-hexahydro-lH-indolizino[8,7-b}indole-5-
carbaldehyde (25a) (0.2 g, 0.75 mmol) was added and the mixture heated at reflux for 
96 h. The solvent was removed on the rotary evaporator and the resulting solid was 
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adsorbed onto silica and purified by flash colmnn chromatography over silica with 3:1 
ethyl acetate:hexane as the eluent to produce an off-white solid (0.7" 10-2 g, 4%); 
Mp 140-141 QC; [a]D = -238.8 (c = 1.0, MeOH); Vmax (thin film, CDCh)lcm-1 3240 
(NH), 1672 (C=O); oJJ(400 MHz; CDCh) 1.59 (3H, s, CH.l), 2.18-2.22 (1H, m, 
CH(H)CH2CO), 2.27-2.29 (lH, m, CH(H)CH1CO), 2.43-2.50 (1H, m, CH(H)CO), 
2.66-2.79 (1H, m, CH(H)CO), 2.80-2.85 (2H, m, CH2CH2N), 3.09-3.12 (lH, m, 
CH(H)N), 4.47 (1H, ddd, J 13.2, 5.7, 1.4, CH(H)N), 7.12-7.21 (2H, m, ArH),7.32-
7.35 (lH, m, ArH), 7.47-7.49 (lH, m, ArH), 8.22 (lH, br, s, NH); (5c(I00 MHz; 
CDCh) 21.2 (OI2), 25.4 «(rh), 30.7 (m2), 32.8 (C1I2), 35.0 (C1I2), 59.5 (C), 107.0 
I (c), 111.0 (m), 118.6 cm), Il9.8 (m), 122.7 (m), 126.7 (c), 136.1 (c), 137.7 I (c), 172.8 (NC=O); MS (El) mlz 240 [M+, 24.1%]; (Found: M+, 240.12575. 
I Cl 5Hl6NZO requires 240.45626). 
I 
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(11 bS)-11 b-Methyl-I,2, 11, II b-tetrahydro-indolizino[8, 7-b]indol-3~me (28a)5a 
o 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (5.2x lO-2 g, 7.5 x 10-2 mmol) 
was added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture 
warmed to 80 "c with stirring until the rhodium complex dissolved (5S,llbS)-IIh-
methyl-3-oxo-2,3,S ,6, 11, II b-hexahydro-I H-indolizino[ 8, 7 -b ]indole-5-carbaldehyde 
(25a) (0.2 g, 0.75 mmol) was added and the mixture heated at reflux for 96 hours 
under nitrogen. The solvent was removed on the rotary evaporator and the resulting 
solid was adsorbed onto silica and purified by flash column chromatography over 
silica with 3:1 ethyl acetate:hexane as the eluent to produce an off-white solid 
(1.58x 10-2 g, 9%); 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (0.13 g, 0.19 mrool) was 
added to mesitylene (15 rol) under a nitrogen atmosphere and the mixture warmed to 
80 ·C with stirring until the rhodium complex dissolved. (5S,1lhS)-llb-methyl-3-
oxo-2,3,5,6,11, Ilb-hexahydro-lH-indolizino[8,7-b]indole-5-carbaldehyde (25a) (0.2 
g, 0.75 mmol) was added and the mixture heated at reflux for 96 hours under nitrogen. 
The solvent was removed on the rotary evaporator and the resulting solid was 
adsorbed onto silica and purified by flash column chromatography over silica with 3: 1 
ethyl acetate:hexane as the eluent to produce an off-white solid (1.75xl0-2 g, 10%); 
Mp 184-186 ·C; [a]D = -341.8 (c = 1.1, MeOH); Vrnax (thin film, DCM)/crn-I 3257 
(NH), 1674 (C=O); <'>H(400 MHz; CDCh) 1.39 (3H, s, CH3), 2.44-2.61 (2H, rn, 
CH2CH2CO), 2.68-2.80 (2H, rn, CH2CO), 6.34 (lH, d, J7.4, CHCHN), 6.74 (lH, rn, 
CHCHN), 7.15-7.26 (2H, rn, ArH), 7.34-7.38 (lH, rn, ArH), 7.58-7.61 (lH, rn, ArH), 
8.40 (UI, br, s, NH); oc(100 MHz; CDCh) 24.4 (CH3) 29.7 (CH2), 32.3 (CH2),60.9 
(C), 106.4 (aI), 107.5 (c), 111.5 (aI), 115.4 (CH), 118.5 (CH), 120.7 (CH), 122.3 
Experimental 115 
(aI), 123.8 (C), 135.9 (C), 136.1 (C), 172.8 (NC=O); MS (El) mlz 238 [M", 4.6%]; 
(Found: M+, 238.11045. ClsH14N20 requires 238. J 1061). 
Experimental 116 
(5S,llb.'Irll-Benzyl-5-hydroxymethyl-11 b-methyl-I,2,5,6,11,IIb-hexahydro-
indolizino[8,7-b]indol-3-one (34) 
Sodium hydride (60% dispersion in mineral oil) (0.22 g, 5.7 mmol) was weighed in a 
dry round bottom flask under a nitrogen atmosphere. The solid was washed with 
hexane (3 x 10 ml) to remove the mineral oil. Anhydrous dimethylformamide (10 ml) 
was added and cooled to 0 ·C with an ice bath. (5S,IlbS)-5-hydroxymethyl-llb-
methyl-I,2,5,6,11,llb-hexahydro-indolizino[8,7-bJindol-3-one (23a) (1.53 g, 5.66 
mmol) in anhydrous dimethylformamide (5 ml) was added via a cannula to the 
mixture and stirred for 30 minutes at room temperature. After which time 
benzylbromide (1.06 g, 0.74 ml, 6.2 mmol) was added and the mixture was further 
stirred for I hour at room temperature. This was quenched by the addition of ice 
water (15 ml) and extracted with ethyl acetate (3 x 100 ml). The combined organic 
extracts were dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evaporator. The resulting solid was adsorbed onto silica and 
purified by flash column chromatography over silica with 3:2 ethyl acetate:hexane as 
the eluent to yield an off white solid (1.27 g, 62%); Mp 82-86 °C; [aJD= ·174.1 (c = 
l.l, DCM); vmax(thin film, CDCh)/cm·1 1663 (C=O); Oti400 MHz; CDCh) 1.60 (3H, 
s, CH3), 2.14-2.32 (2R, m, CH2CH2CO), 2.35-2.48 (IR, In, CH(H)CO), 2.59-2.94 
(IR, m, CH(H)CO), 2.79 (IR, dd, J 15.5,4.2, CH(H)CHN), 3.10 (1R, dd, J 15.5, 
11.8, CH(H)CHN), 3.64-3.74 (Ill, m, CHCH20H), 4.14-4.21 (2R, m, CH20H), 5.01 
(Ill, t,.J 7.2, OH), 5.35·5.49 (2H, In, CH2Ph), 6.86-6.90 (2R, m, ArH), 7.05·7.18 (3H, 
m, ArH), 7.20-7.32 (3H, m, ArH), 7.49·7.57 (lB, m, ArH); c5c(l00 MHZ; CDCh) 24.9 
(CH2), 25.6 (C1!), 31.6 (CH2), 32.9 (ah), 48.1 (CH2), 55.7 (CH), 62.8 (CH2),63.7 
(C), 108.0 (c), 1l0.4 (CH), 119.0 (CH), 120.4 (CH), 122.8 (CH), 125.8 (2xCH), 
126.7 (C), 127.9 (CH), 129.3 (2xaf), 137.6 (C), 137.7 (C), 138.4 (c), 174.2 (NC=O); 
MS (Er) mlz 360 (M', 27.4%]; (Found: M'", 360.18311. C23H24N202 requires 
360.18378). 
Experimental 117 
(5S,llbS)-II-Benzyl-Ilb-methyl-3-oxo-2,3,5,6,11,IIb-hexahydro-lH-indolizino[8,7-
b]indole-5-catbaldehyde (2Sb) 
H 
o 
To a solution of (5S,1lbS)-1l-benzyl-5-hydroxymethyl-llb-methyl-I,2,5,6,1l,Ilb-
hexahydro-indolizino[8,7-bJindol-3-one (34) (1.12 g, 3.1 mmol) in dimethylsuJfoxide 
(15 ml) was added lBX (0.95 g, 2.2 mmol) with stirring under nitrogen atmosphere at 
room tempemture. After 24 hours stirring at room tempemture water (250 mJ) was 
added and aqueous mixture was extracted into ethyl acetate (3 x 100 mI). The organic 
extracts were dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evaporator. The resulting solid was adsorbed onto silica and 
purified by flash column chromatography over silica with 3:2 ethyl acetate:hexane as 
the eluent to yield an off-white solid (0.57 g, 51%); Mp 147-148 °C; [aJv= -126.2 (c = 
1.2, MeOH); vma' (thin film, CDChY cm'! 1733 (C=O), 1684 (NC=O); ofrt250 MHz; 
CDCh) 1.71 (3H, s, CH3), 2.22-2.37 (lH, m, CH(H)CH1CO), 2.22-2.37 (JH, m, 
CH(H)CO), 2.40-2.59 (IH, In, CH(H)CH2CO), 2.40-2.59 (1If, In, CH(H)CO), 3.06-
3.27 (2H, m, CH2CHN), 3.96 (1H, dd, J 10.4, 5.5, CHCHO), 5.42 (2H, dd, J 20.1, 
17.8, CH1Ph), 6.79-6.89 (2H, m, ArH), 7.02-7.17 (3H, m, ArH), 7.24-7.35 (3H, m, 
ArH), 7.52-7.58 (IIf, In, ArH), 10.1 (Ill, s, CRO); oc(lOO MHz; CDCh) 21.1 (Cl-h), 
27.3 (CH3), 30.1 (CH2), 32.2 (CH2), 47.7 (CH2), 58.4 (CH), 61.4 (C), 108.0 (C), 1I0.! 
(CH), 119.0 (CH), 120.2 (CH), 122.7 (CH), 125.4 (2xCH), 126.4 (C), ]28.0 (CH), 
129.6 (2xClI), 137.1 (C), 137.3 (C), 137.5 (C), 176.1 (NC=O), 195.8 (CHO); MS 
(El) mlz 358 [M+, 33.9%J; (Found: ~, 358.16813. C23H"Nz02 requires 358.16813). 
Experimental 118 
(I 1M1-11-Benzyl-11b-methyl-1,2,5,6,11,11b-hexahydro-indolizino[8,7-h]indol-3-one 
(27b) 
o 
Chlorocarbonylhis(triphenylphosphine)rhodium (I) (26) (3.9x lO-2 g, 5.6xlO-2 mmol) 
was added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture 
warmed to 80 "C with stirring until the rhodium complex dissolved. (58,11b8)-11-
benzyl-11 b-methyl-3-oxo-2,3,5,6, 11 ,11 b-hexahydro-lB-indolizino[8, 7-b ]indole-5-
carbaldehyde (25b) (0.20 g, 0.56 mmol) was added and the mixture heated at reflux 
for 96 hours under nitrogen. The solvent was removed on the rotary evaporator and 
the resulting solid was adsorbed onto silica and purified by flash column 
chromatography over silica with 3:1 ethyl acetate:hexane as the eluent to produce an 
off-white solid (6.lx 10-2 g, 33%); 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (9.7xl0·2 g, 0.14 mmol) was 
added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture warmed to 
80°C with stirring until the rhodium complex dissolved. (58,11~1-11-benzyJ-llb­
methyl-3-oxo-2,3,5,6,11 ,11 b-hexahydro-lH-indolizino[8, 7-b ]indole-5-carbaldehyde 
(25b) (0.20 g, 0.56 mmol) was added and the mixture heated at reflux for 96 hours 
under nitrogen. The solvent was removed on the rotary evaporator and the resulting 
solid was adsorbed onto silica and purified by flash column chromatography over 
silica with 3:1 ethyl acetate:hexane as the eluent to produce an off-white solid 
(6.4xl0-2 g,35%); 
Mp 130-131 QC; [a]D = -134.18 (c = 1.1, DCM); V"",X (thin film, CDChYcm-1 1682 
(NC=O); om400 MHz; CDCh) 1.53 (3H, s, CH.l), 2.04-2.18 (lB, m, CH(H)CH1CO), 
2.27-2.31 (lB, m, CH(H)CH2CO), 2.40-2.47 (lB, m, CH(H)CO), 2.58-2.61 (JH, m, 
CH(H)CO), 2.88-2.92 (2H, m, CHzCH2N), 3.08-3.16 (1H, m, CH(H)N), 4.47-4.52 
(1H, m, CH(H)N), 5.42 (2H, dd, J21.6, 17.6, CH2Ph), 6.87-6.90 (2H, m, ArH), 7.06-
7.14 (3H, m, ArH), 7.23-7.29 (3H, m, ArH), 7.45-7.69 (1H, m, ArH); oc(100 MHz; 
Experimental 119 
CDCh) 21.3 (C"H2), 25.2 (C"H3), 30.5 (C"H2), 32.5 (C"H2), 34.5 (C"H2), 47.7 (C"H2), 60.0 
(C), 107.3 (c), 110.0 (C"H), 118.6 (CH), 119.8 (CH), 122.3 (CH), 125.5 (2xCH), 
126.6 (c), 127.4 (CH), 128.9 (2xCH), 137.0 (2xC), 138.7 (c), ]7].9 (NC=O); MS 
(El) mJz 330 [M+, 26.6 %]; (Found: W, 330.1737]. C2:JbN20 requires 330.] 732]). 
Experimental 120 
(11 hS)-11-Benzyl-l1 b-methyl-I ,2,11 ,11 b-tetrahydro-indolizino[S,7-b]indol-3-one 
(28b) 
o 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (3.9x lO-2 g, S.6xlO-2 mmol) 
was added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture 
warmed to SO QC with stirring until the rhodium complex dissolved. (SS,l1h',)-l1-
benzyl-I I b-methyl-3-oxo-2,3,5,6, 11, II b-hexahydro-lH-indolizino[S,7-b ]indole-S-
carbaldehyde (2Sb) (0.20 g, 0.56 mmol) was added and the mixture heated at reflux 
for 96 hours under nitrogen. The solvent was removed on the rotary evaporator and 
the resulting solid was adsorbed onto silica and purified by flash colunm 
chromatography over silica with 3:1 ethyl acetate:hexane as the eluent to produce an 
off-white solid (3.0x 10-2 g, 16%); 
Chlorocarbonylbis(triphenylphosphine)rhodium (I) (26) (9.7xl0-2 g, 0.14 mmol) was 
added to mesitylene (15 ml) under a nitrogen atmosphere and the mixture warmed to 
SO °C with stirring until the rhodium complex dissolved (SS,IIbS)-ll-benzyl-llh-
methyl-3-oxo-2,3,5,6,11 ,11 b-hexahydro-lH-indolizino[8, 7-b ]indoJe-S-carbaldehyde 
(2Sb) (0.20 g, 0.56 mmol) was added and the mixture heated at reflux for 96 hours 
under nitrogen. The solvent was removed on the rotary evaporator and the resulting 
solid was adsorbed onto silica and purified by flash column chromatography over 
silica with 3:1 ethyl acetate:hexane as the eluent to produce an off-white solid 
(2.9x lO-2 g, 16%); 
Mp 134-136 QC; [a]D = -244.67 (c = 0.6, DCM); Vrnax (thin film, CDChYcm-1 1692 
(NC=O); ofJ(2S0 MHz; CDCJ3) 1.30 (3H, s, CH3), 2.32-2.51 (2H, m, CH2CH1CO), 
2.5S-2.72 (2H, m, CH2CO), S.43 (2H, dd, J 21.0, 16.8, CH2Ph), 6.36 (!H, cl, J 7.4, 
CHCHN), 6.79 (1H, d, J 7.4, CHCHN), 6.94-6.97 (2H, ID, ArEl), 7.1S-7.23 (3H, ID, 
ArEl), 7.25-7.33 (3H, ID, ArEl), 7.64-7.69 (1H, m, ArEl); oc(lOO MHZ; CDCh) 24.2 
(CH), 29.4 (aI2), 33.0 (CH2), 47.S (CH2), 62.1 (C), 105.9 (Llf), 107.9 (c), 110.1 
Experimental 121 
(QI), lIB (CH), 118.6 (c:H), 120.7 (CH) 122.4 (CH), 123.8 (C), 125.5 (2xc:H), 
127.7 (CH), 129.0 (2xCH), 136.8 (2xq, 137.4 (c:'), 172.9 (NC=O); MS (El) mlz 328 
[M+, 12.9%]; (Found: M+, 328.15731. CnH2oN20 requires 328.15731). 
Experimental 122 
3.3 Synthesis ofIndolizino[2,3-a}quinolizidines 
Methyl-5-hydroxypentanoate (52i5 
Concentrated sulphuric acid (10 drops) was added to stirred solution ofO-valerlactone 
(51) (10 g, 99.9 mmol) in methanol (200 ml) and the mixture was refluxed for 5 h. 
The mixture was cooled in an ice/salt bath and sodiwn hydrogen carbonate (I g) was 
added. The mixture was stirred for a further 10 mins, filtrated and the solvent 
removed on the rotary evaporator. This yielded a colourless oil (13.1 g, 99%), which 
was suitable for further reactions; VDlllX (thin film, DCM)/cm-I 3422 (OH), 1734 
(C=O); om400 MHz; CDCb) 1.54-1.61 (2H, m, CH2CH20H), 1.66-1.74 (2H, m, 
CH2CH2CH20H), 2.31-2.36 (2H, m, CH2COOCH3), 3.61-3.64 (2H, m, CH20H), 3.45 
(IH, br, s, OH), 3.65 (3H, s, OCH3); &:(100 MHz; CDCh) 21.1 «('H2), 32.0 (Cfh), 
33.8 (CH2), 51.5 (CH3), 63.8 (Cfh), 174.2 (C=O); MS (El) mlz 132 [M'", 1.8%]; 
(Found: M+, 132.07894. 4H1203 requires 132.07865). 
Experimental 123 
~ 
I 
Methyl-5-oxopentanoate (53)25 
fOMe ~o 
Methyl-5-hydroxypentanoate (51) (11.8 g, 89.4 mmol) was slowly added to a 
suspension ofpyridium chlorochromate (29.0 g, 134.5 mmol) and celite (29.0 g) in 
anhydrous dichloromethane (185 ml) and the mixture was stirred for 2 hours at room 
temperature. The solution was decanted and the solids were washed with diethyl 
ether (3 x 100 ml). The combined organic solutions were then filtered through 
alumina column and the solvent removed on the rotary evaporator. This yielded a 
green oil (8.26 g, 70%), which was suitable for further reactions; Vmax (thin film, 
DCM)/cm-] 1716 (C=O); <iJi400 MHz; CDCh) 1.68-1.70 (2H, m, CHzCHzCHO), 
1.94-1.97 (2H, m, CH2CHO), 2.35-2.43 (2H, m, CH2CH1CH2CHO), 3.68 (3H, S, 
OCH3), 9.78 (1H, s, CHO); 5(;(100 MHz; CDCh) 19.9 (C'H2), 21.2 (ar2), 32.8 
(C112), 51.4 (ar3), 177.3 (C=O), 201.5 (C=O); MS (El) m/z 129 [M-W, 64.04%]; 
(Found M-H+, 129.05520. CJflO03 requires 129.05517). 
Experimental 124 
(3S,8aS)-3-(IH-Indol-3-ylmethyl)-hexahydro-oxazolo[3,2-aJpyridin-5~ne (54ai 
Q 
H~ 0 
(2S)-2-amino-3{IH-indol-3-yl)propan-I-ol (20) (3.74 g, 19.68 mmol) and methyl-5-
oxopentanoate (53) (2.56 g, 19.68 mmol) were added to toluene (150 ml) and refluxed 
under Dean-Stark conditions for 48 h. The mixture was allowed to cool before 
solvent was removed on the rotary evaporator. This yielded a brown viscous oil 
which was adsorbed onto silica and purified by flash column chromatography over 
silica with ethyl acetate as the eluent to produce an brown foam (3.45 g, 65%); v""'" , 
(thin film, DCM)/cm-1 3274 (NH), 1628 (NC=O); oH(400 MHz; CDCh) 1.43-1.53 
(IH, tu, CH(H)CH2CH2CO), 1.62-1.73 (IH., m, CH2CH(H)CH2CO), 1.92-1.99 (IH, 
m, CH2CH(H)CH2CO), 2.20-2.28 (IH, ID, CH(H)CH2CH2CO), 2.38-2.44 (2H, ID, 
CH2CO), 2.67 (lH, dd, J 14.0, 10.4, CH(H)C=C), 3.60-3.75 (lH, m, CH(H)C=C), 
3.60-3.75 (lH, m, CH(H)O), 3.99-4.02 (lH, m, CH(H)O), 4.24-4.30 (lH, m, 
NCHCH2CO), 4.65 (lH, dd, J 6.8, 3.2, NCHOCH2), 6.96-6.99 (lH, m, C--CHNH), 
7.05-7.20 (2H, m, ArH), 7.30-7.37 (lH, m, ArH), 7.81-7.82 (lH, m, ArH), 8.66 (lH, 
br, s, NH); lic(lOO MHz; CDCh) 17.5 (CH2), 27.0 (CH2), 28.3 (CH2), 31.0 (CH2), 
56.1 (CH), 69.9 (CH2), 88.9 (CH), 111.2 (CH), 112.2 (c), 119.2 (CH), 119.4 (CH), 
122.0 (CH), 122.5 (CH), 127.7 (C), 136.2 (c), 168.3 (C=O); MS (El) mlz 270 ~, 
94.0%]; (Found: M., 270.13690. C l6H1SN202 requires 270.13683). 
Experimental 125 
(6S,12bR}-6-Hydroxymethyl-2,3,6,7,12, 12h-hexahydro-1 H-indolo[2,3-a ]quinolizin-4-
one (55a)' 
OH 
o 
(3S,8aS}-3-(IH-Indol-3-ylmethyl)-hexahydro-oxazolo[3,2-a]pyridin-5-one (54a) 
(3.1 g, 11.5 mmol) was dissolved in absolute ethanol (100 ml). The resulting 
solution was acidified to pH 1 by the addition of 2M hydrochloric acid in absolute 
ethanol and the mixture was stirred at room temperature for 20 hours. The reaction 
was quenched with saturated aqueous sodium hydrogen carbonate solution and 
extracted with ethyl acetate (3 x 150 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. This yielded a brown solid (3.0 g, 97%), a portion of which was 
recrystallised from absolute ethanol to yield colourless block-like crystals; Mp 288-
290 "C; [0]0= 128.8 (c = 0.5, EtOH) (Found: C, 70.90; H, 6.65; N, 10.33; CU;H1sNzOz 
requires C, 71.09; H, 6.71; N, 10.36); Vm"" (thin film, DCM)/cm -1 3277 (NH), 1618 
(NC=O); oH(400 MHz; CDCh) 1.55-1.62 (IH, m, CH(H)CHzCHzCO), 1.77-1.84 (2H, 
ID, CHzCH2CO), 2.26-2.42 (2H, ID, CHzCO), 2.59-2.64 (IH, m, CH(H)CH2CHzCO), 
2.67 (lH, ddd,J 16, 6.4, 2.4, C=CCH(H», 2.79 (IH, d,J 15.6, C=CCH(H», 3.32-3.37 
(2H, ID, CH20H), 4.63-4.67 (lH, rn, NCHC--C), 4.81 (Ill, t,.l 5.8, OH), 5.22 (Ill, q, 
J 7.6, NCHCH20H), 6.95-6.99 (lH, m, ArH), 7.04-7.08 (lH, m, ArR), 7.32 (!H, d, J 
8, ArH), 7.39 (!H, d, J 8, ArH), 10.92 (!H, br, s, NH); <>c(lOO MHz; CDCh) 18.9 
(Oh), 20.7 (c'Hz), 28.6 (c'H2), 32.3 (ClIz), 47.9 (CH), 50.3 (CH), 59.9 (CH1), 104.7 
(C), llU (CH), ll7.7 (CH), ll8.4 (CH), 120.9 (CH), 126.8 (c), 133.3 (C), 136.4 
(C), 168.5 (C=O); MS (El) mlz 270 [M., 100.0%]; (Found: M'", 270.13639. 
C16H1SN20Z requires 270.13683). 
Experimental 126 
(2R)-2-Amino-3-( lH-indol-3-yl)propan-l-ol (57)12 
OH 
Trimethylchlorosilane (12.4 ml, 97.9 mmol) was added to a solution of lithium 
borohydride (1.07 g, 49.0 mmol) in anhydrous tetrahydrofuran (75 ml) under a 
nitrogen atmosphere over the course of2 minutes. (R)-tryptophan (5.0 g, 24.5 mmol) 
was added portionwise to the mixture over 5 minutes. After 24 hours stifling at room 
temperature the mixture was treated with methanol (30 ml) wbich was added 
cautiously. The methanol was evaporated and the resulting oil treated with 20% 
potassium hydroxide solution (20 ml). The solution was washed with ethyl acetate (3 
x 100 ml) and the combined organic phases dried over anhydrous magnesium 
sulphate, filtered and the solvent reoved on the rotary evaporator. This yielded a light 
brown oil (3.52 g, 76%), which required no further purification; Vmax (thin film, 
DCM)/cm-1 3280 (NH); ~(400 MHz; DMSO) 2.59 (lH, dd, J 14.0, 6.8, 
CH(H)CHNH2), 2.76-2.84 (1H, m, CH(H)CHNH2), 2.92-3.09 (IH, m. CHNH2), 3.21-
3.26 (lH, m, CH(H)OH), 3.36 (lH, dd, J 10.4, 4.4, CH(H)OH). 6.95-6.99 (1H, m, 
ArH), 7.04-7.08 (IH, m. ArH), 7.14-7.15 (1H, ID, CHNH), 7.30-7.35 (1H, m. ArH), 
7.51-7.55 (UI, ID, ArH), 10.86 (1H, br, s, NH); oc(100 MHz; DMSO) 29.2 (CH2 ), 
53.4 (m), 65.5 (m2), 11 I.3 (m), 111.4 (c.), 118.0 (CH), 118.3 (m), 120.7 (Cll), 
123.2 (Cll), 127.4 (C), 136.1 (C); MS (El) mlz 190 [M+, 4.3%]; (Found: M+, 
190.11095. CnHI4NzO requires 190.11061). 
Experimental 127 
(3R,8aR)-3-(IH-Indol-3-ylmethyl)-hexahydro-oxazolo[3,2-a]pyridin-5-one (58al 
(2R)-2-Amino-3-(IH-indol-3-yl)propan-l-01 (57) (5.0 g, 26.30 mmol) and methyl 5-
oxopentanoate (53) (3.42 g, 26.30 mmol) were added to toluene (ISO ml) and refIu;l[ed 
under Dean-Stark conditions for 48 h. The mixture was allowed to cool before 
solvent was removed on the rotary evaporator. This yielded a brown viscous oil 
which was adsorbed onto silica and purified by flash colownn chromatography over 
silica with ethyl acetate as the eluent to produce an brown foam (4.76 g, 67%); Vnmx 
(thin film, DCM)/cm'] 3274 (NH), 1628 (NC=O); o}J(400 MHz; CDCh) 1.46-1.53 
(IH, m, CH(H)CH2CH2CO), 1.62-1.72 (1H, rn, CH2CH(H)CH2CO), 1.94-1.99 (IH, 
m, CH2CH(H)CH2CO), 2.23-2.27 (IH, m, CH(H)CH2CH2CO), 2.41-2.45 (2H, m, 
CH2CO), 2.67 (lH, del, J 13.9, 10.3, CH(H)C=C), 3.63-3.76 (lH, m, CH(H)C=C), 
3.63-3.76 (lH, m, CH(H)O), 4.00-4.03 (lH, m, CH(H)O), 4.27-4.32 (lH, rn, 
NCHCH2CO), 4.67 (lH, del, J 9.9, 3.2, NCHOCH2), 6.99-7.01 (IH, rn, C=CHNH), 
7.10-7.20 (2H, m, ArH), 7.34-7.36 (lH, m, ArH), 7.80-7.82 ClH, m, ArH), 8.39 (IH, 
br, s, NH); Oc(lOO MHz; CDCIJ) 17.5 (CH2), 27.0 (CH2), 28.4 (CH2), 31.0 (CH2)' 
56.1 (CH), 69.9 (CH2), 89.0 (CH), 11 1.1 (CH), 112.4 (C), 119.3 (CH), 119.5 (CH), 
122.1 (CH), 122.6 (CrI), 127.7 (c), 136.2 (c), 168.2 (C=O); MS (El) mlz 270 [M" 
44.0%1; (Found: M'", 270.13683. CI6HISN202 requires 270.13683). 
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(6R, 12bS)-6-Hydroxymethyl-2,3,6, 7,12, 12b-hexahydro-l H-indolo[2,3-a Jquinolizin-4-
one (59i 
N 
H 
,\, ...... 
. ", "OH 
o 
(3R,8aR)-3-(IH-Indol-3-ylmethyl)-hexahydro-oxazolo[3).-a]pyridin-5-one (58a) 
(4.76 g, 17.62 mmol) was dissolved in absolute ethanol (100 ml), The resulting 
solution was acidified to pH 1 by the addition of 2M hydrochloric acid in absolute 
ethanol and the mixture was stirred at room temperature for 20 hours, The reaction 
was quenched with saturated aqueous sodium hydrogen carbonate solution and 
extracted with ethyl acetate (3 x 150 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent was removed on the rotary 
evaporator. This yielded a brown solid (4.52 g, 95%), a portion of which was 
recrystallised from absolute ethanol to yield colourless block-like crystals; Mp 281-
284°C; folD = -129.9 (c =0.5, EtOH) (Found: C, 70.88; H, 6.73; N, 10.27; 
CI6H1SN202 requires C, 71.09; H, 6.71; N, 10.36); v""'x (thin film. DCM)lcm-1 3277 
(NH), 1618 (NC=O); oH(400 MHz; CDCb) 1.55-1.59 (1H, m. CH(H)CH2CH2CO), 
1.79-1.83 (2H, m, CH2CH2CO). 2.26-2.42 (2H, m, CH2CO). 2.58-2.62 (lH, m, 
CH(H)CH2CH1CO), 2.67 (1H, ddd, .115.6, 6.0, 2.0, C=CCH(H), 2.79 (UI, d, J 15.6, 
C=CCH(H», 3.34-3.38 (2H, m, CH20H), 4.63-4.67 (lH, m, NCHC=C), 4.80 (lH, t,.I 
5.2, OH), 5.22 (lH, q, .17.2, NCHCH10H), 6.95-6.99 (lH, rn, ArH), 7,04-7.08 (lH, 
m, ArH), 7.31-7.33 (IH, m, ArH), 7.39 (HI, d, J 8, ArH), 10.89 (lH, br, s, NH); 
Oc(IOO MHz; CDCh) 18.9 (CH2), 20.7 (OI2), 28.6 (CH2), 32.3 (CH2), 47.9 (C.H), 
50.2 (CH), 59.8 (CH2), 104.7 (C), 111.0 (Gf), 117.7 (Gf), 118.4 (CH), 120.9 (Gf), 
126.8 (c), 133.3 (C), 136.3 (C), 168.5 (NC=O); M:S (El) mlz 270 [M", 19.2%]; 
(Found: M", 270.13683. CI~18N202 requires 270.13683). 
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3.4 Functionalisation of Indolizino[2,3-aJquinolizidine System 
(6S, 12bR)-12-Benzyl-6-benzyloxymethyl-2,3 ,6, 7,12, 12b-hexahydro-1 H-indolo[2,3-
a ]quinolizin-4-one (60) 
OBn 
o 
Sodium hydride (60% dispersion in mineral oil) (0.83 g, 20.8 mmol) was weighed 
into a dry round bottom flask under a nitrogen atmosphere. The solid was washed 
with hexane (3 x 10 ml) to remove the mineral oil. The sodium hydride was re-
suspended in anhydrous dimethylformamide (20 ml) and cooled to 0 °C with an ice 
bath. To this mixture was added a solution of (6S,12bR)-6-hydroxymethyl-
2,3,6,7,12,12h-hexahydro-lH-indolo[2,3-a]quinotizin-4-one (55a) (2.8 g, 10.4 mmol) 
in anhydrous dimethylfonnamide (20 ml) via cannula. The resulting mixture was 
stirred for a further 30 minutes at room temperature after which time benzyl bromide 
(3.9 g, 2.72 ml, 22.9 mmol) was added. After I hour stirring at room temperature the 
reaction was quenched by the addition of ice water (30 ml) and extracted with diethyl 
ether (3 x 30 ml). The combined ether extracts were dried over anhydrous magnesium 
sulphate, filtered and the solvent removed by rotary evaporation. The crude product 
was adsorbed onto silica and purified by flash column chromatography over silica 
with 3:2 hexane:ethyl acetate as the eluent to produce a pale yellow foam (3.1 g, 
66%); Mp 111-114 QC; [a]D = 16.0 (c = 4.6, DCM); vrnax(thin film, DCM)/cmI1633 
(NC=O); 01;(400 MHz; CDCh) 1.51-1.59 (lH, m, CH(H)CH2CH2CO), 1.65-1.82 (2H, 
m, CH2CH2CO), 2.29-2.33 (lH, m, CH(H)CH2CH2CO), 2.38-2.57 (2H, m, CH2CO), 
2.89-3.02 (2H, m, C=CCH2), 3.30-3.38 (2H, m, CH20Bn), 4.34-4.35 (1H, m. 
NCHC=C), 4.42 (2H, dd, .126.4, 12.2, OCH2Ph), 5.17 (UI, d,.1 17.4, NCH(H)Ph), 
5.29 (1H, d,.J 17.4, NCH(H)Ph), 5.65-5.71 (IH, m, NCHCH20Bn), 6.84-6.88 (2H, m, 
Arll), 7.08-7.12 (2H, m, Arll), 7.13-7.24 (8H, m, Arll), 7.26-7.28 (lH, m, Arll), 
7.53-7.58 (lH, m, ArH); oc(IOO MHz; CDCh) 19.2 (CH1), 21.9 (CH1), 30.3 (CH1), 
31.9 (CH1), 45.9 (CH), 47.6 (CH2), 51.3 (CH), 68.3 (CH1), 72.5 (CH1), 107.8 (C), 
Experimental 130 
109.7 (CH), 118.5 (CrI), 119.8 (CH), 122.2 (CH), 125.7 (2xeJI), 126.9 (C), 127.4 
(CH), 127.5 (2xCH), 128.0 (CrI), 128.2 (2x(JI), 128.9 (2xCH), 133.4 (C), 137.2 (C), 
138.2 (C), 138.3 (C), 170.3 (NC=O); MS (El) mlz 450 [~, 46.0%]; (Found: M+, 
450.23060. C3oH3oN202 requires 450.23073). 
Experimental 131 
(6R,12bS}-12-Benzyl-6-benzyloxymethyl-2,3,6,7,12,12b-hexahydro-IH-indolo[2,3-
a]quinolizin-4-one (63) 
\\\ ...... 
.. " 'OBn 
o 
Sodium hydride (60% dispersion in mineral oil) (0.22 g, 5.6 mmol) was weighed into 
a dry round bottom flask under a nitrogen atmosphere. The solid was washed with 
hexane (3 x 5 ml) to remove the mineral oil. The sodium hydride was re-suspended in 
anhydrous dimethylforrnamide (10 ml) and cooled to 0 °C with an ice bath. To this 
mixture was added a solution of (6R,12bS)-6-hydroxymethyl-2,3,6,7,12,12b-
hexahydro-lH-indolo[2,3-a]quinolizin-4-one (59) (0.5 g, 1.9 mmol) in anhydrous 
dimethylforrnamide (10 ml) via cannula The resulting mixture was stirred for a 
further 30 minutes at room temperature after which time benzyl bromide (0.70 g, 0.48 
ml, 4.1 mmol) was added After 1 hour stirring at room temperature the reaction was 
quenched by the addition of ice water (15 ml) and extracted with diethyl ether (3 x 15 
ml). The combined ether fractions were dried over anhydrous magnesium sulphate, 
filtered and the solvent removed on the rotary evaporator. The crude product was 
adsorbed onto silica and purified by flash column chromatography over silica with 3:2 
hexane:ethyl acetate as the eluent to produce a pale yellow foam (0.61 g, 74%); Mp 
116-119°C; [a]D = -117.4 (c = 2.0, DCM); vrnax(thin film, DCM)lcm-1 1633 (NC=O); 
offi400 MHz; CDCI3) 1.52-1.59 (lH, m, CH(H)CH2CH2CO), 1.65-1.86 (2lL m, 
CH2CH2CO), 2.28-2.36 (lH, m, CH(H)CH2CH2CO), 2.39-2.61 (2lL m, CH2CO), 
2.90-3.03 (2H, m, C=CCH2), 3.31-3.39 (2lL m, CH20Bn), 4.34-4.36 (IlL rn, 
NCHC--C), 4.43 (2lL dd, J 28.8, 12.4, OCH2Ph), 5.19 (IlL d, J 17.6, NCH(H)Ph), 
5.32 (lH, cl, J 17.2, NCH(H)Ph), 5.66-5.71 (lH, m, NCHCH20Bn), 6.85-6.90 (2H, m, 
ArH), 7.12-7.24 (llH, m, ArH), 7.34-7.58 (lH, m, ArH); .5c(100 MHz; CDCI) 19.3 
(CE2), 21.9 (CE2), 30.4 (CH2), 31.9 (CE2), 45.9 (CH), 47.7 (CE2), 51.3 (CH), 68.3 
(CH2), 72.5 (CH2), 107.8 (C), 109.8 (CH), 118.5 (CH), 119.8 (CH), 122.2 (CH), 125.7 
(2 x CH), 126.9 (c), 127.5 (CH), 127.5 (2xCH), 128.0 (CH), 128.3 (2xCH), 128.9 
(2xCH), 133.4 (C), 137.2 (c), 138.2 (c), 138.3 (c), 170.3 (NC=O); MS (El) m1z 450 
[~, 13.6%]; (Found: ~, 450.23148. C30H30N202 requires 450.23073). 
Experimental 132 
(6S,12bR)-6-Hydroxymethyl·2,3 ,6,7,12, 12h-hexahydro-l H-indolo[2,3-a ]quinolizin-4-
one (55a) 
N 
H H 
OH 
o 
Anhydrous ammonia (100 ml) was condensed into a round bottom flask, cooled to -78 
ne and equipped with a dry ice condenser. (6R,12hS)-12-Benzyl-6-benzyloxymethyl-
2,3,6,7,12,12h-hexahydro-lH-indolo[2,3-a]quinolizin-4-one (60) (0.23g, 0.52 mmol) 
was added as a solution in tetrahydrofuran (20 ml) followed by sodium metal (0.09 g, 
4.25 mmol). The intensly blue solution was stirred for 1 hour and then anhydrons 
ammonium chloride (0.5 g) was added. The cooling bath and condenser were 
removed and the majority of the ammonia allowed to evaporate. The reaction was 
portioned between water (10 ml) and dichloromethane (100 ml). The organic extracts 
were dried over anhydrous magnesium sulphate, filtered and the solvent removed on 
the rotary evaporator. The crude product was adsorbed onto silica and purified by 
flash column chromatography over silica with ethyl acetate as the eluent to produce a 
brown solid (0.77 g, 55%); which had identical spectral properties to compound (53a). 
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(6R,12hS)-6-Hydroxymethyl-2,3,6,7,12, 12b-hexahydro-l H-indolo[2,3-a ]quinolizin-4-
one (59) 
,\\'-
... , 'OH 
o 
Anhydrous ammonia (I 00 ml) was condensed into a round bottom flask, cooled to -78 
°e and equipped with a dry ice condenser. (6R,12bS)-12-Benzyl-6-benzyloxymethyl-
2,3,6,7,12,12b-hexahydro-lH-indolo[2,3-a]quinolizin-4-one (63) (0.23g, 0.52 mmol) 
was added as a solution in tetrahydrofuran (20 ml) followed by sodium metal (0.09 g, 
4.25 mmol). The intensly blue solution was stirred for 1 hour and then anhydrous 
ammonium chloride (0.5 g) was added. The cooling bath and condeuser were 
removed and the majority of the ammonia allowed to evaporate. The reaction was 
portioned between water (10 ml) and dichloromethane (100 ml). The organic extracts 
were dried over anhydrous magnesium sulphate, filtered and the solvent removed on 
the rotary evaporator. The crude product was adsorbed onto silica and purified by 
flash column chromatography over silica with ethyl acetate as the eluent to produce a 
brown solid (0.76 g, 54%); which had identical spectral properties to compound (59). 
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(68, 12bR)-12-Benzyl-6-benzyloxymethyl-6, 7,12, 12b-tetrahydro-l H-indolo[2,3-
a]quinolizin-4-one (62) 
OBn 
o 
To a stirred solution of diisopropylamine (0.42 g, 0.59 ml, 4.2 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyUithium (2.5 M solution in hexanes) (1.70 
ml, 4.2 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to -78°C whereupon a solution of(68,12bR)-12-
benzyl-6-benzyloxymethyl-2,3 ,6,7,12, 12b-hexahydro-I H-indolo[2,3-a ]quinolizin-4-
one (60) (1.89 g, 4.2 mmol) in anhydrous tetrahydrofuran (15 ml) was added via 
cannula. The resulting mixture was stirred for a further I hour at -78°C after which 
time phenylse\enenylbromide (1. 1 g, 4.6 mmol) in anhydrous tetrahydrofuran (10 ml) 
was added dropwise via syringe. The reaction was allowed to warm slowly from -78 
°C to room temperature with stirring. After 24 hours the reaction was quenched by the 
addition of saturated aqueous ammonium chloride solution (40 ml) and extracted with 
diethyl ether (3 x 50 ml). The combined ether extracts were washed with saturated 
aqueous ammonium chloride solution (lOO ml), dried over anhydrous sodium 
sulphate, filtered and the solvent was removed by rotary evaporation. This produced 
the crude selenide (2.5 g) which was used without further purification. 
The crude selenide (61) (2.5 g) was dissolved in methanol (220 ml) and water (45 ml). 
To the resulting solution was added sodium metaperiodate (2.4 g, 9.7 mmol) and 
sodium bicarbonate (0.42 g, 5.0 mmol) and the solution was stirred vigorously at 
room temperature for 18 hOUTS. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solution (200 ml) and diethyl ether (250 ml). 
The ether layer was washed with water (200 ml), then brine (200 ml) and dried over 
anhydrous magnesium sulphate, filtered and the solvent was removed by rotary 
evaporation. The crude product was adsorbed onto silica and purified by flash 
column chromatography over silica with 3:2 hexane:ethyl acetate as the eluent to 
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produce a pale yellow foam (1.0 g, 54%); Mp 76-78 cC; [ab = 62.9 (c = 6.6, DCM); 
vIrul.(thin film, DCM)lcm-1 1662 (NC=O); t5rl(400 MHz; CDCh) 2.26-2.31 (IlL m, 
CH(H)CH=CHCO), 2.53-2.59 (IH, m, CH(H)CH=CHCO), 3.02 (IH, ddd, J 15.8, 
10.2,2.0, CH(H)CHN), 3.13-3.17 (IH, m, CH(H)CHN), 3.30-3.39 (2H, rn, CH20Bn), 
4.45 (2lL s, OCH2Ph), 4.59-4.64 (IH, m, C--CCB), 5.19 (IlL d, J 17.4, NCH2Ph), 
5.27 (lH, d, J 17.4, NCHzPh), 5.42-5.46 (IlL m, NCHCH20Bn), 6.07 (IlL dd, J9.8, 
2.8, CH=CHCO), 6.51-6.55 (IlL rn, CH=CHCO), 6.84-6.86 (2lL rn, AIB), 7.13-7.25 
(lllL rn, AIB), 7.59-7.62 (IlL rn, AIB); oc(100 MHz; CDC13) 21.9 (CH2), 32.0 
(CH2), 46.1 (CH), 47.3 (012), 49.8 (CH), 68.1 (CH2), 72.6 (CHz), 107.7 (c), 109.8 
(CH), 118.7 (CH), 119.9 (CH), 122.3 (CH), 125.6 (2xCH), 125.9 (CH), 127.0 (c), 
127.3 (2xCH), 127.3 (CH), 127.6 (CH), 128.2 (2xCH), 128.9 (2xCH), 132.6 (C), 
137.1 (C), 138.2 (C), 138.2 (C), 138.3 (CH), 164.9 (NC=O); MS (El) mlz 448 [~, 
51.5%]; (Found: M', 448.21517. C30H2sN202 requires 448.21508). 
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(2S,6S,12bR)-12-Benzyl-6-benzyloxymethyl-2-vinyl-2,3,6, 7,12,1 2b-hexahydro-IH-
indolo[2,3-a]quinolizin-4-one (64) 
OBn 
o 
A 1.0 M solution of vinyl magnesium bromide in tetrahydrofuran (22.3 ml, 22.3 
mmol) was added to a suspension of copper cyanide (1.0 g, 11.2 mmol) in anhydrous 
terahydrofuran (20.OmI) at -78°C with stirring. The reaction was warmed to 0 °C for 
3 minutes and then re-cooled to -78°C. A solution of (6S,12bR)-12-benzyl-6-
benzyloxymethyl-6, 7,12, 12b-tetrahydro-1 H -indolo[2,3-a ]quinolizin-4-one (62) (LOg, 
2.2 mmol) in anhydrous tetrahydrofuran (15 ml) was added via cannula at -78 QC. 
After a further 5 minutes chlorotrimethylsilane (1.46 ml, 11.2 mmol) was added and 
the resulting suspension was warmed slowly (overnight) to room temperature. After 
this time a mixture of saturated aqueous ammonium chloride solution (20 ml) and 
water (20 m!) was added and stirring continued for 20 minutes. A 1.0 M solution of 
tetrahutylammonium fluoride in tetrahydrofuran (6 ml) was added and stirring 
continued for a further 15 minutes. The organic phase was separated and the aqueous 
phase extracted with ethyl acetate (3 x 50 ml). The combined organic extracts were 
dried over anhydrous magnesium sulphate, filtered and the solvent removed on the 
rotary evaporator. The crude product was absorbed onto silica and purified by flash 
coloumn chromatography over silica with 3:1 hexane:ethyl acetate as the eluent to 
produce a pale yellow solid (0.47 g, 44%); Mp 148-151 QC; [a]D = 95.5 (c = 0.8, 
DCM); vmax(thin film, DCM)/cm·1 3028 (Vinyl CH), 1635 (Vinyl CH2=CH), 1615 
(NC=O); ~(400 MHz; CDCh) 1.83-1.89 (lH, m, C~CHCH(H», 2.16-2.22 (!H, m, 
C~CHCH(H», 2.48-2.65 (2H, m, CH1CO), 2.48-2.65 (lH, m, CHCH1CO), 2.90 
(lH, d, J 15.8, C---CCH(H), 3.01 (UI, ddd, J 15.8,5.7, 2.1, C~CH(H), 3.32 (2H, d, 
J .7.6, CH20Bn), 4.37-4.43 (2H, m, OCH2Ph), 4.47-4.51 (lH, m, ~CH), 4.97-5.02 
(2ll, m, CH~H2), 5.17 (Ill, d, J 17.3, NCH(H)Ph), 5.32 (Ill, d,.l17.3, NCH(H)Ph), 
5.61-5.66 (IH, m, NCHCH20Bn), 5.70-5.77 (IH, m, CH~H2), 6.85-6.89 (2H, m, 
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AIl!), 7.16-7.24 (J lH, rn, Arl!), 7.54-7.55 (lH, rn, AIl!); oc(lOO MHz; CDCh) 21.9 
(CH2), 32.6 (CH), 34.9 (CH2), 36.1 (O'h), 46.2 (CH), 47.5 (CH), 47.7 (CH2), 68.3 
(CH2), 72.6 (Oh), 108.2 (C), 109.7 (CH), 115.6 (CH2), 118.4 (CH), 119.8 (CH), 
122.2 (CH), 125.8 (2xCH), 127.0 (C), 127.4 (CH), 127.4 (2xCH), 127.6 (CH), 128.2 
(2xCH), 128.9 (2xCH), 133.3 (C), 137.2 (C), 138.2 (C), 138.4 (c), 139.1 (CH), 170.2 
(NC=O); MS (El) mlz 476 [M'", 45.5%]; (Found: M'", 476.24711. CJ2H31N202 requires 
476.24638). 
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(2R. 3R,6S, 12bR)-12-Benzyl-6-benzyloxymethyl-3-methyl-2-vinyl-2,3,6,7,12, 12b-
hexahydro-l H-indolo[2,3-a]quinolizin-4-one (65) 
OBn 
o 
To a stirred solution of diisopropylamine (0.06 g, 0.08 ml, 0.57 mmol) in anhydrous 
tetrahydrofnran (8.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.23 
ml, 0.57 mmoJ) dropwise at 0 °C under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to _78°C whereupon a solution of 
(2S,6S,12hR)-12-henzyl-6-benzyloxymethyl-2-vinyl-2,3,6,7,12,12h-hexahydro-IH-
indolo[2,3-a]quinolizin-4-one (64) (0.27 g, 0.57 mmol) in anhydrous tetrahydrofuran 
(15 ml) was added via cannula. The resulting mixture was stirred for a further 1 hour 
at -78°C after which time methyl iodide (0.09 g, 0.04 ml, 0.63 mmol) in anhydrous 
tetrahydrofuran (10 ml) was added dropwise via syringe. The reaction was allowed to 
warm slowly from -78°C to room temperature with stirring. After this time a mixture 
of saturated aqueous ammonium chloride solution (10 ml) and water (10 ml) was 
added and stirring continued for 20 minutes. The organic phase was separated and the 
aqueous phase extracted with ethyl acetate (3 x 40 ml). The combined organic 
extracts were dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evaporator. The crude product was absorbed onto silica and 
purified by flash column chromatography with 6: 1 hexane:ethyl acetate as eluent to 
produce a pale yellow oil (0.16 g, 56%); [aJo = 69.9 (c = 1.5, DCM); Vm/lX (thin film, 
DCM)/cm-I 3029 (Vinyl CH), 1639 (Vinyl CH2=CH), 1615 (NC=O); ~400 MHZ; 
CDCh) 1.21 (3H, d, J 6.8, NCOCHCH3) 1.88-1.96 (!H, m, C=CCHCH(H», 2.02-
2.07 (!H, m, C=CCHCH(H», 2.20-2.25 (!H, m, CHCHCO), 2.31-2.38 (!H, m, 
NCOCHCH3), 2.96 (UI, ddd, J 15.7, 5.5, 1.8, C=CCH(H), 3.04-3.08 (UI, m, 
C=CCH(H), 3.24-3.31 (2H, m, CH20Bn), 4.38-4.45 (2H, m, OCH1Ph), 4.47-4.50 
(lH, m, C=CCH), 4.96-5.03 (2H, ID, CH=CH2), 5.16 (lH, d,J 17.2, NCH(H)Ph), 5.34 
(1H, d, J 17.2, NCH(H)Ph), 5.49-5.54 (IH, m, NCHCH20Bn), 5.65-5.74 (1H, m, 
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CH=CHz), 6.82-6.86 (2H, m, ArH), 7.13-7.26 (lJH, m, ArH), 7.57-7.60 (JH, m, 
ArH); oc(lOO MHz; CDCh) 15.9 (Cl:'b), 21.5 (CHz), 35.4 (CH2), 39.4 (CH), 41.1 
(CH), 46.6 (CH), 47.1 (CH), 47.3 (CHz), 68.5 (CH1), 72.5 (CH2), 107.6 (C), 109.6 
(CH), 115.6 (CHz), 118.5 (CH), 119.8 (CH), 122.1 (CH), 125.8 (2xCH), 126.9 (C), 
127.4 (2xCH), 127.6 (CH), 128.2 (2xCH), 128.4 (CH), 128.9 (2xCH), 133.2 (C), 
137.2 (C), 138.1 (C), 138.2 (C), 140.1 (CH), 173.9 (NC=O); MS (El) mlz 490 [M", 
50.5%]; (Found: M., 490.22614. C33H34NzOz requires 490.22583). 
Experimental 140 
(2S,3R,6S,12bR}-12-Benzyl-6-benzyloxymethyl-3-ethyl-2-vinyl-2,3,6,7,12, 12b-
hexahydro-lH-indolo[2,3-a]quinolizin-4-one (66) 
OBn 
o 
To a stirred solution of diisopropylamine (0.03 g, 0.04 ml, 0.32 mmol) in anhydrous 
tetrahydrofumn (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.12 
ml, 0.32 mmol) dropwise at 0 °C under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to -78°C whereupon a solution of 
(2S,6S,12bR)-12-benzyl-6-benzyloxymethyl-2-vinyl-2,3,6,7,12,12b-hexahydro-IH-
indolo[2,3-a]quinolizin-4-one (64) (0.15 g, 0.32 mmol) in anhydrous tetrahydrofuran 
(15 ml) was added via cannula. The resulting mixture was stirred for a further 1 hour 
at -78 QC after which time ethyl iodide (0.05 g, 0.03 ml, 0.35 mmol) in anhydrous 
tetrahydrofuran (10 ml) was added dropwise via syringe. The reaction was allowed to 
warm slowly from -78 QC to room temperature with stirring. After this time a mixture 
of saturated aqueous ammonium chloride solution (10 ml) and water (l0 ml) was 
added and stirring continued for 20 minutes. The organic phase was separated and the 
aqueous phase extracted with ethyl acetate (3 x 40 ml). The combined organic 
extracts were dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evaporator. The crude product was absorbed onto silica and 
purified by flash column chromatography with 6:1 hexane:ethyl acetate as eluent to 
give a pale yellow oil (0.08 g, 48%); [a]D = 116.4 Cc = 1.0, DCM); Vrnax (thin film, 
DCM)/cm-1 2923 (Vinyl CH), 1652 (Vinyl CH2=CH), 1635 (NC=O); oH(400 MHz; 
CDCh) 0.97 (3H, t, J 7.4, NCOCHCH2CH3) 1.53-1.63 (!H, m, NCOCHCH(H)CH3), 
1.81-1.86 (!H, m, NCOCHCH(H)CH3), 1.87-1.94 (!H, m, C=CCHCH(H»,2.06-2.12 
(UI, m, C--CCHCH(H), 2.22-2.27 (Ill, m, CHCHCO), 2.40-2.43 (Ill, In, 
NCOCHCH2CH3), 2.96-2.98 (2ll, In, C=CCH2), 3.30 (2ll, d, J7.6, CH20Bn), 4.38-
4.44 (2ll, m, OCH2Ph), 4.47-4.50 (UI, m, C=CCH), 4.97-5.02 (2ll, In, CH=CH2), 
5.17 (Ill, d, J 17.4, NCH(H)Ph), 5.34 (Ill, d, J 17.3, NCH(H)Ph), 5.58-5.63 (Ill, m, 
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NCHCH20Bn), 5.70-5.78 (JH, rn, CH=CH2), 6.84-6.89 (2H, rn, ArH), 7.14-7.26 
(1lH, rn, Arm, 7.55-7.60 (HI, ID, Arm; oc(100 MHz; CDCh) 12.2 (CH3), 21.9 
(Clh), 24.1 (Cll2), 34.1 (Cll2), 37.6 (Cll), 46.1 (Cll), 46.2 (Cll), 47.1 (Cll),47.6 
(Cll2), 68.5 (Cll2), 72.5 (CH2), 104.8 (c), 108.0 (C), 109.7 (Cll), 115.7 (Cll2), 118.4 
(CH), 119.8 (CH), 122.1 (CH), 125.8 (2xC.1I), 127.0 (C), 127.4 (C1I), 127.4 (2xC1I), 
127.6 (C1I), 128.2 (2xC1I), 128.9 (2xC1I), 133.4 (C), 137.3 (C), 138.3 (C), 140.1 
(CH), 172.9 (NC=O); MS (El) mlz 504 [M'" 23.5%1 (Found: M", 504.27842. 
C34H36N201 requires 504.27768). 
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(6S, I 2bR)-I 2-Benzyl-6-benzyloxymethyl-3-[ (E)-ethylidene ]-2,3,6,7, I 2, 12b-
hexahydro-IH-indolo[2,3-a]quinolizin-4-one (67) 
To a stirred solution of dii~opropylamine (0.22 g, 0.31 ml, 2.21 mmol) in anhydrous 
tetrahydrofuran (I5 m!) was added n-butyIlithium (2.5 M solution in hexanes) (0.88 
ml, 2.21 mmol) dropwise at 0 QC under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to -78°C whereupon a solution of 
(6S,12bR)-12-benzyl-6-benzyloxymethyl-2,3,6,7,12,12b-hexahydro-IH-indolo[2,3-
a]quinolizin-4-one (60) (1.1 g, 2.0 mmol) in anhydrous tetrahydrofuran (30 ml) was 
added via cannula. The resulting mixture was stirred for a further 30 minutes at -78 
°C after which time acetaldehyde (0.10 g, 0.12 m!, 2.21 mmol) was added dropwise 
via syringe. The reaction was allowed to warm slowly from -78 cC to room 
temperature with stining. After this time a mixture was quenched with saturated 
aqueous ammonium chloride solution (30 ml) and extracted with diethyl ether (3 x 50 
ml). The combined organic extracts were dried over anhydrous magnesium sulphate, 
filtered and the solvent removed on the rotary evaporator and a yellow oil was 
obtained (1.1 g). The crude product was dissolved in anhydruus dichloromethane (30 
ml) under a nitrogen atmosphere containing triethylamine (0.67 g, 0.92 ml, 6.66 
mmol) and the mixture was cooled to -40 QC. Methane sulfonyl chloride (0.38 g, 0.25 
ml, 3.33 mmol) was added dropwise and the mixture was further stirred at -40 QC for 
20 mins. This was allowed to warm to room temperature and stirred for an additional 
3 hours after which the solvent was removed on the rotary evaporator to give the 
mesylate. The mesylate was then dissolved in anhydrous tetrahydrofuran (30 m!) and 
1,5-diazabicyc1o[4.3.0]non-5-ene (0.83 g, 0.82 ml, 6.66 mmoJ) was added and was 
stirred for 2 hours at room temperature. The solvent was removed and the residue 
redissolved in diethyl ether (50 ml) which was washed with saturated ammonium 
chloride solution (50 ml). The fraction was dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. The crude 
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product was absorbed onto silica and purified by flash column chromatography with 
2:1 hexane:ethyl acetate as eluent to give a yellow solid (0.90 g, 86%); Mp 182-184 
°C; [alD = 86.4 (c = U, DCM); Vrnax (thin film, DCM)lcm-1 1659 (NC=O), 1610 
(C=C); ~(400 MHz; CDCb) 1.61-1.71 (lH, m, CH(H)CH2CCO), 1.73-1.75 (3H, m, 
COC=CHCH3), 2.29-2.32 (IH, m, CH(H)CCO), 2.32-2.34 (1H, Ill, CH(H)CH1CCO), 
2.59-2.64 (lH, m, CH(H)CCO), 2.97-3.14 (2H, m, C=CCH2), 3.32-3.35 (2H, m, 
CH20Bn), 4.36-4.39 (1H, Ill, C=CCE{), 4.43 (2H, s, OCH2Ph), 5.16-5.21 (1H, Ill, 
NCH(H)Ph), 5.30-5.68 (1H, m, NCH(H)Ph), 5.68-5.73 (lH, m, NCHCH20Bn), 6.84-
6.88 (2H, m, ArE{), 6.99-7.05 (lH, m NCOCCE{) 7.12-7.26 (llH, m, ArH), 7.57-7.61 
(lH, m, ArE{); "c(lOO MHz; CDCI3) 13.8 (CH3), 21.8 «(.112),23.6 (CH2), 30.6 «(.112), 
46.5 (CH), 47.3 (CH2), 50.9 (CH), 68.5 (CH2), 72.5 (CH2), 107.7 (C), 109.8 (CH), 
118.6 (CH), 119.8 (CH), 122.1 (CH), 125.1 (2xCH), 121.0 (C), 121.3 (CH), 121.5 
(2xCH), 121.5 (CH), 128.2 (2xCH), 128.9 (2xCH), 129.0 (c), 133.1 (C), 135.1 (CH), 
137.2 (C), 138.2 (C), 138.3 (c), 165.6 (NC=O); MS (El) mlz 476 [M', 13.2%]; 
(Found: M', 476.24597. C32H32N202 requires 476.24638). 
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(68.12bR)-12-Benzyl-6-benzyloxymethyl-3-ethyl-2,3,6,7.12, 12b-hexahydro-l H-
indolo[2,3-a]quinoJizin-4-one (68) 
OBn 
N 
~n H 
(68, 12bR)-12-Benzy 1-6-benzyloxymethyl -3-[( E)-ethylidene ]-2,3,6,7,12, 12b-
hexahydro-IH-indolo[2,3-a]quinolizin-4-one (67) (0.3 g, 0.65 mmol) was dissolved in 
absolute ethanol (40 ml) and the reaction was purged with nitrogen. A catalytic 
amount of 10% palladium/charcoal (0.06 g) was added to the mixture, a balloon filled 
with hydrogen was fitted and the system purged with hydrogen. The mixture \'I'llS 
then stirred for a further 24 hours at room temperature. The mixture was then filtered 
thourgh a pad of celite and the solvent removed on the rotary evaporator. The crude 
product was absorbed onto silica and purification was attempted by flash column 
chromatography with 3:1 petrol:ethyl acetate as eluent Separation of product 
diastereoisomers was found to be impossible. Characteristic peaks in the lH NMR 
spectra for the major and minor diastereoisomers are as follows: oll(400 MHz; CDCh) 
0.94-0.97 (3H, t, COCHCH2CH3), 1.40-1.60 (lH, m, COCHCH(H)CH3), 1.90-1.95 
(lB, m, COCHCH(H)CH3), 2.10-2.40 (lH, m, COCHCH2CHl); MS (El) mlz 478 
[M", 47.8%]; 
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I 
I 
! 
~ 
3.5 Template modification of Indolizino[2,3-a]quinolizidine Ring 
system 
(6S, 12bS)-6-Hydroxymethyl-2,3 ,6,7,12, 12b-hexahydro-l H-indolo[2,3-a ]quinoJizin-4-
one (71) 
OH 
o 
(6S, 12bR)-6-HydroxymethyJ-2,3 ,6,7,12, 12b-hexahydro-1 H-indolo[2,3-a ]quinolizin-4-
one (55a) (1.0 g, 3.70 mmol) was refluxed in toluene (lOO mt) in the presence of 
trifluoroacetic acid (5.7 ml, 74 mmol) for 24 hours. The solution was cooled to room 
temperature and the reaction was quenched by the addition of saturated sodium 
bicarbonate solution (tOo mt). The organic phase was separated and the aqueous 
phase was extracted with ethyl acetate (3 x 100 mt). The combined organic extracts 
were dried over anhydrous magnesium sulphate, filtered and the solvent removed on 
the rotary evaporator. Characteristic peaks in the IH NMR spectra show a set of 
peaks alongside the peaks corresponding of the starting material (55a). 
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(2S,6S,12b..'i'}-12-Benzyl-6-benzy!oxymethyl-2-vinyl-2,3,6,7,12,12b-hexahydro-lH-
indolo[2,3-a1quinolizin-4-one (72) 
OBn 
o 
(2S,6c<;,12bR)-12-Benzyl-6-benzyloxymethyl-2-vinyl-2,3,6,7,12,12 b-hexahydro-lH-
indolo[2,3-a]quinolizin-4-one (64) (0.31 g, 0.65 mmol) was refluxed in toluene (50 
m!) in the presence of trifluoroacetic acid (0.50 ml, 6.53 mmol) for 24 hours. The 
solution was cooled to room temperature and the reaction was quenched by the 
addition of saturated sodium bicarbonate solution (50 ml). The organic phase was 
separated and the aqueous phase was extracted with ethyl acetate (3 x 50 ml). The 
combined organic extracts were dried over anhydrous magnesium sulphate, filtered 
and the solvent removed on the rotary evaporator. Characteristic peaks in the IH 
NMR spectra show a set of peaks alongside the peaks corresponding of the starting 
material (64). 
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(6R,12hli,)-S-BenzyI-l1-benzyloxymethyl-S,Sb,6,7,8,II-hexahydro-indolizino[J;2-
b]quinoline-9,12-dione (78) 
o 
N 
I 
Bn 
o 
(6R, 12bS)-12-BenzyI-6-benzyloxymethyl-2,3 ,6,7,12, 12b-hexahydro-1 H-indolo[2,3-
a]quinolizin-4-one (63) (0.20 g, 0.44 mmol) was dissolved in methanol (20 ml) and an 
aqueous solution of sodium metaperiodate (l.8 g 8.43 mmol) was added at room 
tempemture under a nitrogen atmosphere. The mixture was stirred for 22 hours in the 
dark, after this time the methanol was concentmted and the residue was extmcted with 
chloroform (SO ml). The combined organic extmcts were dried over anhydrous 
magnesium sulphate, filtered and the solvent removed on the rotary evapomtor. The 
resulting dicarbonyl compound (77) was dissolved in dry ethanol (50 ml), 
triethylamine (0.52 g, O.72ml, 5.13 rnmol) was added and the mi",1ure stirred for 16.5 
hours under nitrogen atmosphere. After this time water (50 ml) was added and 
extmcted with chloroform. The combined organic extmcts were dried over anhydrous 
magnesium sulphate, filtered and the solvent removed on the rotary evapomtor. This 
procedure resulted in reisolation of the starting material (63). 
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(6S,12bR}4-0xo-l,2,3,4 ,6, 7,12, 12b-octahydro-indolo[2,3-a ]quinolizine-6-
carbaldehyde (81)50 
CHQ 
N Q 
H H 
To a solution of (6S,12bR)-6-hydroxymethyl-2,3,6,7,12,12b-hexahydro-IH-
indo10[2,3-a]quinolizin-4-one (55a) (5.0 g, 18.5 mmol) in dimethylsulfoxide (50 ml) 
was added rBX (10.3 g, 37.0 mmol) with stirring under a nitrogen atmosphere. After 
24 hours stirring at room temperature water (500 ml) was added and aqueous mixture 
was extracted into ethyl acetate (3 x 250 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. The crude product was absorbed onto silica and purified by flash column 
chromatography with 4:1 ethyl acetate:hexane to give an off-white solid (3.4 g, 69%); 
Mp 98-102 cC; [a]n = 70.7 (c = 1.0, DCM); v_£thin film, DCM)lcm-J 3285 (NH), 
1725 (CHO), 1619 (NC--o); t5Ii 400 MHz; CDCh) 1.70-1.73 (lH, m, C=CCHCH(H», 
1.89-2.09 (2H, ID, CH2CH2CO), 2.39-2.53 (1H, ID, C=CCHCH(H», 2.39-2.53 (1H, m, 
CH(H)CO), 2.68-2.75 (IH, m, CH(H)CO), 3.09 (lH, ddd, .I 16, 6.6, 2.4, 
CH(H)CHCHO), 3.40-3.45 (IH, m, CH(H)CHCHO), 4.89-4.92 (JH, m, C=CCH), 
5.97-5.99 (IH, m, CHCHO), 7.00-7.32 (3H, m, ArH), 7.52-7.54 (1H, m, ArH), 8.11 
(!H, br, s, NH), 9.49 (IH, s, CHO); oc(100 MHz; CDCh) 19.5 (Cfh), 20.0 (CfI2), 
29.6 (Cfh), 32.0 (Cfh), 52.2 (CfI), 56.8 (CfI), 106.4 (C), 111.1 (CfI), ]] 8.3 (CH), 
120.0 (CH), 122.6 (C1I), 126.5 (c), 132.7 (c), 136.5 (C), 170.4 (NC=O), 199.3 
(CHO); MS (EI) mlz 268 [M+, 88.41 %]; (Found: M+, 268.12124. CJ6H'6NZOZ requires 
268.121(8). 
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(68, 12bR)-6-Formyl-4-oxo-l ,3,4,6,7, 12b-hexahydro-2H -indolo[2,3-a ]quinolizine-12-
carboxylic acid terr-butyl ester (82)5. 
(68, 12bR)-4-Oxo-l ,2,3,4,6,7,12, 12b-octahydro-indolo[2,3-a Jquinolizine-6-
carbaldehyde (81) (2.4 g, 8.9 mmol) was dissolved in anhydrous tetrahydrofuran (100 
ml) under a nitrogen atmosphere. Triethylamine (2.5 ml, 17.9 mmol), 
N,N-dimethylaminopyridine (0.22 g, 1.8 mmol) and di-tert-butyl dicarbonate (2.5 g, 
11.6 mmol) were added successively and the resulting solution was stirred at room 
temperature under a ni trogen atmosphere for 4 hours. After this time the volatiles 
were removed by rotary evaporation and the resulting residue was re-dissolved in 
ethyl acetate (200 ml) and washed successively with saturated aqueous ammonium 
chloride (2 x 100 ml), saturated aqueous sodium hydrogen carbonate (2 x 100 ml) 
and brine (100 ml). The organic extracts were dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. The crude 
product was absorbed onto silica and purified by flash column chromatography with 
3:2 ethyl acetate:hexane as eluent The product was isolated as a yellow oil (2.5 g, 
75.8%); [aJD = 141.3 (c = 1.1, DCM); vmax(thin film, DCM)/cm-I 1732 (C=O), 1645 
(NC=O); <'iH(400 MHz; CDCh) 1.35-1.50 (lH, m, C=CCHCH(H», ].68 (9H, s, 
OC(CH3)3), 1.89-2.08 (2H, m, CH2CH2CO), 2.50-2.61 (IH, m, CH(H)CO), 2.61-2.65 
(IH, In, C--CCHCH(H», 2.71-2.78 (IH, m, CH(H)CO), 2.98 (IH, ddd, J 16.4, 6.2, 
2.4, C=CCH(H», 3.36-3.41 (lH, In, C=CCH(H», 5.26-5.29 (1H, In, C=CCH), 5.93-
5.95 (UI, ID, NCHCHO), 7.25-7.32 (2H, m, ArH), 7.47-7.50 (IH, In, ArH), 8.01-8.12 
(lH, m, ArH), 9.53 (lH, s, CHO); oc(IOO MHz; CDCh) 19.3 (CH2), 20.6 «('1'h), 27.7 
(3 xCH3), 30.6 (£..rh), 31.7 (012), 54.1 (CH), 56.2 (CH), 84.6 (C), 117.7 (C), 115.8 
(CH), 118.3 (CH), 123.1 (CH), 125.0 (CH), 128.1 (C), 134.5 (C), 136.9 (c), 149.9 
(NC(O)013u), 171.1 (NC=O), 199.1 (CHO); MS (El) mJz 368 [M+,8.21%J; (Found: 
M", 368.17349. C21H24N204 requires 368.17361). 
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(6S, 12bR}4-0xo-] ,3,4,6,7,] 2b-hexahydro-2H-indolo[2,3-a 1quinolizine-6, 12-
dicarboxylic acid 12-tert-butyl ester (83)5c 
C~H 
o 
A solution of (6S,12bR)-6-fOlIDyl-4-oxo-I,3,4,6,7,12b-hexahydro-2H-indoJo[2,3-
a]quinolizine--12-carboxylic acid ten-butyl ester (82) (3.2 g, 8.6 mmol) in acetouitrile 
(36 ml), ter/-butyl alcohol (135 ml) and I-methyl-l-cyclohexene (66 ml) was stirred 
rapidly as it was cooled to 0 QC. A solution of sodium chlorite (7.5 g, 65.9 mmol) and 
sodium dihydrogen phosphate (7.5 g, 49.7 mmol) in water (135 ml) was added 
dropwise over a period of 10 minutes at 0 QC. The solution was then allowed to stir at 
room temperature for a further 18 hours. After this time the reaction was partitioned 
between ethyl acetate (300 ml) and brine (200 ml). The ethyl acetate layer was then 
washed with 1 M aqueous sodium dithionite solution (lOO ml). The organic extracts 
were dried over anhydrous magnesium sulphate, filtered and the solvent removed on 
the rotary evaporator. The crude product was purified by flash column 
chromatography over silica eluting with ethyl acetate producing a yellow oil (2.89 g, 
88%); [a)D = 112.8 (c = 1.0, CHCh); vmax(thin film, DCM)/cm-1 3380 (OH), 1731 
(C--o), 1614 (NC=O); &(400 MHz; CDCh) 1.41-1.45 (UI, ID, C---CCHCH(H», 1.66 
(9H, s, OC(CH3)3), 1.91-2.05 (2H, m, CH2CH2CO), 2.47-2.54 (1H, m, CH(H)CO), 
2.56-2.61 (1H, m, C=CCHCH(H», 2.65-2.73 (IH, m, CH(H)CO), 2.89-2.95 (1H, ID, 
C=CCH(H», 3.38-3.42 (!H, m, C=CCH(H», 5.33-5.35 (!H, rn, C=CCH), 6.02-6.04 
(lH, m, NCHC02H), 7.25-7.34 (2H, rn, ArH), 7.47-7.49 (!H, rn, ArH), 8.03-8.07 
(!H, m, ArH); oc(IOO MHz; CDCh) 19.2 (CH2), 23.2 (CH2), 28.2 (3xCH3), 30.5 
«(.H2), 31.5 «(.H2), 49.5 (CH), 53.9 (CH), 84.4 (c), 114.9 (C), 115.7 (CH), 118.4 
(CH), 123.0 (CH), 124.7 (CH), 128.4 (C), 134.0 (c), 134.8 (C), 149.9 (NC(O)O'Bu), 
171.6 (NC=O), 173.8 (C(O)OH); MS (El) mlz 384 [M'", 7.2%1; (Found: M\ 
384.16787. C21H24N20j requires 384.16852). 
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(6S, 12bR)-4-Oxo-6-phenylselany1carbonyl-l,3, 4,6,7, 12b-hexahydro-2H-indolo[2,3-
a ]quinolizine-12-carboxylic acid tert-butyl ester (84)50 
COSePh 
o 
To a flask containing (6S,12bR)-4-oxo-I,3,4,6,7,12b-hexahydro-2H-indolo[2,3-
a]quinolizine-6,12-dicarboxylic acid 12-tert-butyl ester (83) (2.89 g, 7.5 mmol) under 
a nitrogen atmosphere was added anhydrous dichloromethane (30 ml) fonowed by 
diphenyldiselenide (3.52 g, 11.3 mrnol). The resulting mixture was cooled to 0 °C and 
tributylphosphine (90% grade) (3.83 ml, 15.0 mmol) was added dropwise. The 
solution was allowed to wann to room temperature and stirring continued for a further 
18 hours at room temperature. Dichloromethane (100 ml) and water (100 ml) were 
added and the aqueous layer was extracted further with dichloromethane (100 ml). 
The combined organic extracts were washed with brine (lOO ml), dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporation. The crude product was purified by flash column chromatography over 
silica eluting with 8:2 hexane:ethyl acetate, then 3:2 ethyl acetate:hexane giving the 
target compound as a pale yellow foam (2.1 g, 54%); Mp 75-78 cC; [a]D = 81.2 (c = 
1.0, CHCh); v"..,..(thin film, DCM)/cm-J 1728 (COSePh), 1652 (NC---o); ~400 MHz; 
CDCh) 1.47-1.53 (1H, m, C=CCHCH(H», 1.69 (9H, S, OC(CH3)3), 1.99-2.08 (2H, m, 
CH2CH2CO), 2.60-2.68 (lB, In. C=CCHCH(H», 2.60-2.68 (1H, m, CH(H)CO), 2.79-
2.85 (lB, m, CH(H)CO), 2.87-2.93 (lB, m, C=CCH(H», 3.47-3.55 (lB, m, 
C=CCH(H», 5.56-5.59 (lB, m, C=CCH), 6.15-6.17 (lB, m, NCHCOSePh), 7.24-
7.32 (5H, m, ArH), 7.39-7.41 (2H, m, ArH), 7.43-7.45 (lB, m, ArH), 8.04-8.06 (lB, 
m, ArH); ac(100 MHz; CDCI3) 19.1 (CH2), 22.4 (CH2), 28.3 (3xCH3), 31.1 (CH2), 
31.8 (CH2), 54.1 (CH), 59.6 (CH), 84.5 (c), 114.8 (C), 115.7 (CH), 118.4 (CH), 123.1 
(CH), 124.9 (CH), 125.4 (C), 128.3 (C), 128.9 (CH), 129.2 (2xCH), 133.5 (C), 135.9 
(2x CH), 136.8 (c), 149.9 (NC(O)O'Bu), 171.7 (NC=O), 200.3 (COSePh); MS (FAB) 
mlz 525 [MH+, 10.1%] (Found: MH+, 525.13013. C27H28N204Se requires 525.12927). 
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(12bR)-4-Oxo-I,3,4 ,6, 7, 12b-hexahydro-2H-indolo[2,3-a ]quinolizine-12-carboxylic 
acid tert-butyl ester (85)50 
o 
A three-necked flask fitted with a condenser, glass stopper and a suba seal was 
flushed with nitrogen. A solution of (6S,12bR)-4-ox0-6-phenylselanylcarbonyl-
1,3,4,6,7, 12b-hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid lert-butyl 
ester (84) (2.12 g, 4.1 mmol) in anhydrous toluene (25 ml) was added via cannula. 
The solution was then degassed with nitrogen for 15 minutes before adding tri-n-
butyltin hydride (4.66 ml, 16.2 mmol) via syringe. The resulting mixture was heated 
to 80 QC in an oil bath whereupon azobisisobutyronitrile (0.13 g, 0.81 mmol) was 
added portionwise over a 2 hour period at 80°C. After 2 hours stirring at 80 QC the 
mixture was cooled to room temperature and the solvent removed on the rotary 
evaporator. The resulting crude oil was adsorbed onto silica and purified by flash 
column chromatography over silica eluting with hexane followed by 3:1 ethyl 
acetate:hexane. The target compound was isolated as a colourless oil (1.12 g, 81%); 
[a]D = 300.4 (c = 1.0, DCM); vrnax(thin film, DCM)lcm-1 1727 (NC=O(O)'Bu), 1644 
(NC=O); ~i400 MHz; CDCb) 1.38-1.48 (1H, In, C--CCHCH(H), 1.69 (9H, s, 
OC(CH3)3), 1.84-1.95 (2H, m, CH2CH2CO), 2.38-2.47 (IH, m, CH(H)CO), 2.58-2.67 
(1H, m, CH(H)CO), 2.58-2.67 (lH, m, C=CCHCH(H», 2.70-2.74 (2H, In, 
CH2CH2N), 2.78-2.82 (lH, m, CH(H)N), 5.07-5.12 (lB, m, C=CCH), 5.13-5.18 (lB, 
m, CH(H)N), 7.23-7.33 (2H, m, ArH), 7.43-7.45 (lB, m, ArH), 8.04-8.06 (lB, m, 
ArH); oc(100 MHz; CDCh) 19.5 (CH2), 21.7 (CH2), 28.2 (3xCH3), 30.2 (CH2), 32.2 
(CH2), 37.6 (C), 38.9 (CH2) 56.1 (CH), 84.3 (C), 114.5 (CH), 118.3 (CH), 118.4 (C), 
123.0 (CH), 124.6 (CH), 128.7 (c), 136.8 Cc), 150.2 (NC(O)dBu), 169.7 CNC=O); 
MS (El) m/z 340 [M'", 10.4%]; (Found: M', 340.17801. C2oH24N203 requires 
340.17869). 
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(12bR)-2,3,6,7,12, 12b-Hexahydro-1 H-indolo[2,3-a Iquinolizin-4-one (86) 
N o 
H H 
(12bR)-4-0xo-l,3,4,6,7,12b-hexahydro-2H-indolof2,3-aJquinolizine-12-carboxylic 
acid tert-butyl ester (85) (0.09 g, 0.26 mmol) was dissolved in anhydrous 
tetrahydrofuran (8.0 ml) under a nitrogen atmosphere. A 1.0 M solution oftetrabutyl 
ammonium fluoride in tetrahydrofuran (2.6 ml, 2.6 mmol) was then added and the 
mixture was heated under reflux for 9 hours. After this time the mixture was cooled to 
room temperature and water (30.0 ml) was added. The mixture was extracted with 
ethyl acetate (2 x 50.0 mJ) and the organic extracts were dried over anhydrous 
magnesium sulphate, filtered and the solvent removed on the rotary evaporator. The 
crude product was adsorbed onto silica and purified by flash column chromatography 
over silica using ethyl acetate as eluent to give the target compound as an off-white 
solid (0.04 g, 71%), Mp 228-230 °C; [aID = 180.8 (c = 1.0, CHCh); vmax(thin film, 
DCM)!cm-1 3254 (NH), 1616 (NC=O); 41(400 MHz; CDCh) 1.64-1.88 (!H, m, 
C=CCHCH(H», 1.64-1.88 (!H, m, CH(H)CHzCO), 1.92-1.97 (!H, m, 
CH(H)CH2CO), 2.35-2.44 (1H, In, CH(H)CO), 2.49-252 (1H, m, C=CCHCH(H), 
256-2.60 (1H, m, CH(H)CO), 2.71-2.82 (1H, In, CH(H)CH2N), 2.85-2.91 (1H, m, 
CH(H)N), 2.85-2.91 (1H, In, CH(H)CH2N), 4.74-4.77 (1H, In, C=CCR), 5.13-5.22 
(1H, m, CH(H)N), 7.09-7.18 (2H, m, ArR), 7.33 (1H, d, J 7.9, ArR), 7.49 (1H, d, J 
7.6, ArH), 8.78 (!H, br, s, NH); oc(100 MHz; CDCh) 19.3 (CH2), 21.0 (CH2),29.l 
(Oh), 32.4 (CH2), 40.3 (C112), 54.5 (C11), 109.1 (C), 111.0 (C11), ] ]8.3 (CH), ] 19.6 
(CH), 121.9 (CH), 126.7 (C), 133.4 (C), 136.3 (C), 1695 (NC=O); MS (EI) mlz 240 
[M+, 32.6%]; (Found: M'",240.12575. C1sH16N20 requires 240.12626). 
Experimental 154 
(6R, 12bS)-4-Oxo-1 ,2,3,4,6,7,12, 12b-octahydro-indolo[2,3-a ]quinoIizine-6-
carbaldehyde (87)50 
To a solution of (6R,12bS)-6-Hydroxymethyl-2,3,6,7,12,12b-hexahydro-lH-
indolo[2,3-a]quinolizin-4-one (59) (5.0 g, 18.5 mmol) in dimethylsulfoxide (50 ml) 
was added IBX (1O.3 g, 37.0 mmol) with stirring under a nitrogen atmosphere. After 
24 hours stirring at room temperature water (500 ml) was added and aqueous mixture 
was extracted into ethyl acetate (3 x 250 rnl). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. The crude product was absorbed onto silica and purified by flash 
colownn chromatography with 4: I ethyl acetate:hexane to give an off-white solid (3.0 
g,61%); Mp 97-99 cC; [a]D = -201.3 (c = 1.2, DCM); vmw.{thin film, DCM}'crn-1 
3269 (NH), 1731 (CHO), 1645 (NC=O); om:400 MHz; CDCh) 1.62-1.73 (!H, m, 
C=CCHCH(H», 1.89-2.03 (2ll, In, CH2CHzCO), 2.39-2.52 (Ill, In, C=CCHCH(H», 
2.39-2.52 (IH, m, CH(H)CO), 2.66-2.73 (Ill, m, CH(H)CO), 3.05 (Ill, ddd, J 16, 6.8, 
2.4, CH(H)CHCHO), 3.39-3.44 (lH, m, CH(H)CHCHO), 4.86-4.89 (lH, rn, 
C=CCH), 5.95-5.97 (IH, m, CHCHO), 7.07-7.20 (2H, m, ArH), 7.28-7.31 (1H, rn, 
ArH), 7.51-7.57 (lH, m, ArH), 8.35 ClH, br, s, NH), 9.46 (lH, s, CHO); oc(100 MHz; 
CDCh) 19.5 (Cfh),20.1 (Cfh), 29.5 (CH2), 32.0 (C1I2), 52.2 (CH), 56.8 (CH), 106.1 
(C), lIU (CH), 1I8.3 (CH), 120.0 (C1I), 122.5 (CH), 126.4 (c), 132.7 (C), 136.5 
(C), 170.6 (NC=O), 199.5 (C-lIO); MS (El) m'z 268 [M., 17.4%]; (Found: M., 
268.12106. CI6HI6N202 requires 268.12118). 
Experimental 155 
(6R, 12b.'.)-6-Formyl-4-oxo-l,3, 4 ,6, 7, 12b-hexahydro-2H-indolo[2,3-a ]quinolizine-12-
carboxylic acid tert-butyl ester (88)50 
(6R,12bS)-4-0xo-l,2,3,4,6,7,12,12b-octahydro-indolo[2,3-a]quinolizine-6-
carbaldehyde (87) (6.4 g, 23.9 mmol) was dissolved in anhydrous tetrahydrofuran 
(200 ml) under a nitrogen atmosphere. Triethylamine (6.7 ml, 47.7 mmol), 
N,N-dimethylaminopyridine (0.58 g, 4.7 mmol) and di-ferf-butyl dicarbonate (6.8 g, 
31.0 mmol) were added successively and the resulting solution was stirred at room 
temperature under a nitrogen atmosphere for 4 hours. After this time the volatiles 
were removed by rotary evaporation and the resulting residue was re-dissolved in 
ethyl acetate (400 ml) and washed successively with saturated aqueous ammonium 
chloride ( 2 x 200 ml), saturated aqueous sodium hydrogen carbonate (2 x 200 ml) 
and brine (200 ml). The organic extracts were dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. The crude 
product was absorbed onto silica and purified by flash column chromatography with 
3:2 ethyl acetate:hexane as eluent The product was isolated as a yellow oil (5.6 g, 
63.0%); [a]D = 148.4 (c = 1.6, CHCh); vrnax(thin film, DCM)/cm-J 1730 (CHO), 1643 
(NC=O); ~(400 MHz; CDCh) 1.40-1.59 (lH, rn, C=CCHCH(H», 1.68 (9H, s, 
OqCH3)3), 1.96-2.04 (2H, m, CH1CH1CO), 2.50-2.59 (1H, m, CH(H)CO), 2.61-2.66 
(1H, m, C=CCHCH(H», 2.72-2.78 (1H, m, CH(H)CO), 2.96 (IH, ddd, J 16.4, 6.0, 
2.4, C=CCH(H», 3.36-3.41 (lH, m, C=CCH(H», 5.26-5.29 (1H, m, C=CCH), 5.93-
5.95 (1H, m, NCHCHO), 7.25-7.34 (2H, m, ArH), 7.47-7.49 (1H, m, ArH), 8.03-8.06 
(!H, m, ArH), 9.53 (lH, s, CHO); (~c(100 MHz; CDCh) 19.4 (Oh), 20.6 (Cfh), 28.2 
(3xCfh), 30.6 (CH2), 31.7 (C'H2), 54.1 (CH), 56.1 (C'H), 84.6 (C), 114.7 (C), 115.7 
(CH), 118.3 (CH), 123.1 (CH), 125.0 (CH), 128.1 (c), 134.5 (C), 136.8 (C), 149.8 
(NC(O)dBu), 171.1 (NC=O), 199.1 (CHO); MS (FAB) mlz 369 [MJI+, 1.8%]; 
(Found: MW, 369.18189. C2JH24N204 requires 369.18143). 
Experimental 156 
(6R,] 2bS)-4-Oxo-l ,3,4,6,7, 12b-hexahydro-2H-indolo[2,3-a 1quinolizine-6, 12-
dicarboxylic acid 12-tert-butyl ester (89iC 
A solution of (6R,J2bS)-6-fonnyl-4-oxo-J,3,4,6,7,12b-hexahydro-2H-indolo[2,3-
a]quinolizine-12-carboxylic acid tert-butyl ester (88) (4.0 g, 10.9 mmol) in 
acetonitrile (50 ml), tert-butyl alcohol (200 ml) and I-methyl-l-cyclohexene (100 ml) 
was stirred rapidly as it was cooled to 0 QC. A solution of sodium chlorite (80%) (9.45 
g, 83.6 mmol) and sodium dihydrogen phosphate (9.34 g, 76.0 mmol) in water (200 
ml) was added dropwise over a period of 10 minutes at 0 "C. The solution was then 
allowed to stir at room temperature for a further 18 hours. After this time the reaction 
was partitioned between ethyl acetate (300 ml) and brine (200 ml). The ethyl acetate 
layer was then washed with I M aqueous sodium dithionite solution (100 ml). The 
organic extracts were dried over anhydrous magnesium sulphate, filtered and the 
solvent removed on the rotary evaporator. The cmde product was purified by flash 
column chromatography over silica eluting with ethyl acetate producing a yellow oil 
(3.0 g, 72%); [a]D = -530.0 (c = 1.0, DCM); vmax{thin film, DCMycm·J 3443 (OH), 
1731 (NC--o); M400 MHz; CDCb) 1.40-1.45 (Ill, m, C=CCHCH(H), 1.66 (9ll, s, 
OC(CH3)3), 1.91-2.05 (2H, m, CH1CH1CO). 2.48-2.55 (Ill., m, CH(H)CO), 2.57-2.63 
(Ill, m, C=CCHCH(H», 2.65-2.73 (Ill, m, CH(H)CO), 2.89-3.00 (Ill, ID, 
C=CCH(H», 3.38-3.42 (!H, m, C=CCH(H», 5.34-5.37 (!H, m, C=CCH), 6.03-6.05 
(!H, m, NCHC02H), 7.20-7.32 (2H, m, ArH), 7.42-7.46 (!H, rn, Arm, 8.02-8.06 
(!H, m, ArH); Oc{100 MHz; CDCh) 19.2 (CH2), 23.2 (G1:h), 28.2 (3xCH3), 30.4 
(CH1), 31.4 (CH2), 49.6 (CH), 53.9 (CH), 84.4 (c), 114.9 (C), 115.7 (CH), 1l8.4 
(CH), 123.0 (CH), 124.7 (CH), 128.4 (C), 134.0 (C), 134.8 (C), 149.9 (NC(O)O'Bu), 
171.8 (NC=O), 173.8 (C(O)OH); MS (FAB) mlz 385 [M'", 6.8%]; (Found: M'", 
385.17635. Cz1HZ4N10S requires 385.17635). 
Experimental 157 
(6R, 12b~-Oxo-6-phenyl selanylcarbonyl-l ,3,4,6,7, 12b-hexahydro-2H-indolo[2,3-
alquinolizine-12-carboxylic acid tert-butyl ester (90)50 
To a flask containing (6R, 12bS)-4-oxo-l ,3,4,6,7,12b-hexahydro-2H-indolo[2,3-
alquinolizine-6,12-dicarboxylic acid 12-tert-butyl ester (89) (6.0 g, 15.6 mmol) under 
a nitrogen atmosphere was added anhydrous dichloromethane (60 ml) followed by 
diphenyldiselenide (7.3 g, 23.4 mmol). The resulting mixture was cooled to 0 QC and 
tributylphosphine (90% grade) (7.7 ml, 31.2 mmol) was added dropwise. The solution 
was allowed to warm to room temperature and stirring continued for a further 18 
hours at room temperature. Dichloromethane (200 ml) and water (200 ml) were 
added and the aqueous layer was extracted with a further (200 ml) of 
dichloromethane. The combined organic fractions were washed with brine (200 ml), 
dried over anhydrous magnesium sulphate, filtered and the solvent removed on the 
rotary evaporator. The crude product was purified by flash column chromatography 
over silica eluting with 8:2 hexane:ethyl acetate, then 3:2 ethyl acetate:hexane giving 
the target compound as a pale yellow foam (4.7 g, 57%); Mp 75-77 QC; [a]D = -74.2 
(c = -1.9, CHCII); vmax(thin film, DCM)/cm-1 1730 (COSePh), 1650 (NC---o); 4J(400 
MHz; CDCI3) 1.45-1.53 (1H, m, C=CCHCH(H», 1.69 (9H, s, OC(CH3)J), 1.97-2.09 
(2H, In, CH2CH2CO), 2.60-2.68 (1H, m, C=CCHCH(H», 2.60-2.68 (1H, m, 
CH(H)CO), 2.78-2.85 (IH, m, CH(H)CO), 2.86-2.92 (IH, rn, C=CCH(H»,3.47-3.52 
(IH, m, C=CCH(H», 5.56-5.59 (IH, m, C=CCH), 6.15-6.17 (IH, m, NCHCOSePh), 
7.22-7.33 (5H, m, ArH), 7.36-7.41 (2H, m, ArH), 7.43-7.45 (lH, rn, ArH), 8.04-8.06 
(IH, m, ArH); t5c(100 MHz; CDCh) 19.1 (CH2), 22.3 (CH2), 28.2 (3xCH3), 31.0 
(CH2), 31.7 (CH2), 54.1 (CH), 59.6 (CH), 84.5 (C), 114.8 (c), 115.7 (CH), 118.4 
(CH), 123.1 (L'H), 124.9 (CH), 125.3 (C), 128.3 (c), 128.9 (CH), 129.2 (2xCH), 
133.4 (C), 135.9 (2xCH), 136.8 (C), 149.9 (NC(O)o'Bu), 171.7 (NC=O), 200.3 
(COSePh); MS (FAB) mlz 525 [MH+, 3.6%] (Found: MW, 525.12995. C27H2SN204Se 
requires 525.12911). 
Experimental 158 
(12bS)-4-Oxo-l,3,4 ,6, 7, 12b-hexahydro-2H-indolo[2,3-a lquinolizine-] 2-carboxylic 
acid tert-butyl ester (91)50 
A three-necked flask fitted with a condenser, glass stopper and a suba seal was 
flushed with nitrogen. A solution of (6R,12bS)-4-oxo-6-phenylselanylcarbonyl-
1,3,4,6, 7, 12h-hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl 
ester (90) (4.5 g, 8.6 mmol) in anhydrous toluene (50 ml) was added via cannula. The 
solution was then degassed with nitrogen for 15 minutes before adding tri-n-butyltin 
hydride (9.1 ml, 34.3 mmol) via syringe. The resulting mixture was heated to 80°C 
in an oil bath whereupon azobisisobutyronitrile (0.28 g, 1.7 mrno]) was added 
portionwise over a 2 hour period at 80°C. After 2 hours stirring at 80 °C the mixture 
was cooled to room temperature and the solvent removed on the rotary evaporator. 
The resulting crude oil was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with hexane followed by 3:1 ethyl acetate:hexane. 
The target compound was isolated as a colourless oil (2.8 g, 98%); [a.]D = -77.3 (c = 
1.8, DCM); vn,..{thin film, DCM)/cm-1 1730 (NC=O(O)'Bu), 1649 (NC--o); ~J(400 
MHz; CDCh) 1.40-1.46 (IlL m, C---CCHCH(H», 1.69 (9lL s, OC(CH.1)J), 1.85-1.92 
(2H, m, CH2CH2CO), 2.39-2.48 (lH, m, CH(H)CO), 2.59-2.68 (IlL m, CH(H)CO), 
2.59-2.68 (lH, m, C=CCHCH(H), 2.70-2.74 (2lL m, CH2CH2N), 2.78-2.81 (IlL m, 
CH(H)N), 5.08-5.11 (lH, m, C=CCH), 5.13-5.18 (lH, rn, CH(H)N), 7.23-7.33 (2lL 
m, ArH), 7.43-7.45 (lH, m, ArH), 8.04-8.06 (lH, m, ArH); c5c(lOOMHz; CDCh) 19.5 
(CH2)' 21.7 (CH2), 28.2 (3 xC'il3), 30.2 (CH1), 32.1 (CH1), 37.6 (C), 38.9 (C'il2) 56.1 
(CH), 84.3 (C), 115.5 (C'H), 118.3 (C'H), 118.4 (c), 123.0 (C'H), 124.6 (C'H), 128.7 
(c), 136.8 (C), 150.2 (NqO)O'Bu), 169.9 (NC=O); MS (El) mlz 341 [MW, 25.2%]; 
(Found: MW, 341.18610. C2oH24N203 requires 341.18652). 
Experimental 159 
3.6 Applications Towards Target Synthesis 
(12bR)-4-Oxo-l,6,7, 12b-tetrahydro-4H-indolo[2,3-a ]quinolizine-12-carboxylic acid 
tert-butyl ester (95) 
o 
To a stirred solution of diisopropylamine (1.0 g, 1.40 ml, 9.89 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyIlithium (2.5 M solution in hexanes) (3.96 
ml, 9.89 mmol) dropwise at 0 °C under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to -78 QC whereupon a solution of 
(12bR)-4-oxo-l,3,4 ,6,7, 12b-hexahydro-2H -indolo[2,3-a ]quinolizine-I2-carboxylic 
acid tert-butyl ester (85) (1.12 g, 3.30 mmol) in anhydrous tetrahydrofuran (15 ml) 
was added via cannula. The resulting mixture was stirred for a further 1 hour at ·78 
°C after which time phenylselenenylbromide (1.16 g, 4.9 mmol) in anhydrous 
tetrahydrofuran (10 ml) was added dropwise via syringe. The reaction was allowed to 
warm slowly from -78 QC to room temperature with stirring. After 24 hours the 
reaction was quenched by the addition of saturated aqueous ammonium chloride 
solution (40 ml) and extracted with diethyl ether (3 x 50 ml). The combined ether 
extracts were washed with saturated aqueous ammonium chloride solution (100 ml), 
dried with anhydrous sodium sulphate and filtered. The solvent was removed by 
rotary evaporation to yield the crude selenide (1.6 g) which was used withont further 
purification. 
The crude selenide (94) (1.6 g) was dissolved in methanol (lOO ml) and water (25 ml). 
To the resulting solution was added sodium metaperiodate (1.62 g, 7.57 mmol) and 
sodium bicarbonate (0.33 g, 3.95 mmol) and the solution was stirred vigorously at 
room temperature for 18 hours. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solntion (200 ml) and diethyl ether (250 ml). 
The ether layer was washed with water (200 ml), then brine (200 ml) and dried over 
Experimental 160 
anhydrous magnesium sulphate, filtered and the solvent was removed by rotary 
evaporation. The crude product was adsorbed onto silica and purified by flash 
column chromatography over silica eluting with 3:2 petrol:ethyl acetate to give the 
target compound as a pale yellow foam (1.13 g, 93%), Mp 122-125 QC; [ak = 673.9 
(c =1.5, CHCh) vrnax(thin film, DCM)/cmll727 (NC=O{O)'Bu), 1668 (NC=O); 
~(400 MHZ; CDCh) 1.69 (9H, s, OC(CH3)3), 2.13-2.22 (lB, m, C=CCHCH(H», 
2.72-2.80 (2H, m, CHzCHzN), 2.82-2.92 (lB, m, CH(H)N), 3.03 (lB, ddd, J ]7.2, 
6.6,3.8, C=CCHCH(H», 5.02 (lB, ddd, J ]2.5, 4.8, 1.4, CH(H)N), 5.24-5.30 (JH, m, 
C=CCH), 6.09 (lB, dd, J 9.7, 1.5, CHCO), 6.67-6.71 (lB, m, CHCHCO), 7.26-7.35 
(2H, m, ArH), 7.47-7.49 (IH, m, ArH), 8.08 (1H, d, J 8.0, ArH); oc(l00 MHz; 
CDCh) 21.5 (CH2), 28.2 (3xCH3), 31.6 (ClI2), 37.6 (CH2), 53.3 (CH), 84.5 (c), 115.8 
(CH), 118.0 (c), 118.4 (etI), 123.1 (CH), 124.7 (CH), 125.4 (CH), 128.5 (c), 134.1 
(c), 136. 6 (C), 139.2 (CH), 150.0 (NC(O)O'Bu), 164.8 (ND=O); MS (El) mlz 338 
[M+, 24.4%] (Found: W, 338.16318. C2oHnN203 requires 338.16384). 
Experimental 161 
(12bR)-4-0xo-2-vinyl-l ,3,4,6,7, 12b-hexahydro-2H-indolo[2,3-a 1quinolizine-12-
carboxylic acid tert-butyl ester (96) 
o 
A 1.0 M solution of vinyl magnesium bromide in tetrahydrofuran (3.11 ml, 3.11 
mmol) was added to a suspension of copper cyanide (0.14 g, 1.55 mmol) in anhydrous 
terahydrofuran (10 ml) at -78 cC with stirring under a nitrogen atmosphere. The 
reactiou was warmed to 0 QC for 3 minutes and then re-cooled to -78 QC. A solution 
of (12bR)-4-oxo-l,6, 7, 12b-tetrahydro-4H-indolo[2,3-a]quinolizine-12-carboxylic acid 
tert-butyl ester (95) (0.11 g, 0.31 mmol) in anhydrous tetrahydrofuran (10 ml) was 
added via cannula at -78 ·C. After a further 5 minutes chlorotrimethylsilane (0.19 ml, 
1.55 mmol) was added and the resulting suspension was warmed slowly (overnight) to 
room temperature. After this time a mixture of saturated aqueous ammonium chloride 
solution (10 ml) and water (10 ml) was added and stirring continued for 20 minutes. 
A 1.0 M solution oftetrabutylammonium fluoride in tetrahydrofuran (2 ml) was added 
and stirring continued for a further 15 minutes. The organic phase was separated and 
the aqueous phase extracted with ethyl acetate (3 x 20 ml). The combined organic 
extracts were dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evapomtor. The crude product was absorbed onto silica and 
purification was attempted by flash column chromatography ,vith 3:1 petrol:ethyl 
acetate as eluent. Separation of starting material and product was found to be 
impossible. Characteristic peaks in the fH NMR spectra for the product are as 
follows: oH(400 MHz; CDCh) 6.10-6.15 (HI. m, CH=CH2) 
Experimental 162 
Methyl 1,3-dithiolane-2-carboxylate (98)39 
NaOH (0.08 g, 2.0 mmol) was dissolved in methanol (125 ml) and treated with ethyl-
1,3-dithiolane-2-carboxylate (97) (5.0 g, 28.2 mmol). The mixture was heated under 
reflux for 30 minutes with the exclusion oflight. The solvent was removed by rotary 
evaporation and the remaining yellow liquid was dissolved in ether (50 ml) and 
washed with brine (30 ml). The ether layer was dried over sodium sulphate, filtered 
and the solvent removed on the rotary evaporator to give a bright yellow liquid (3.8 g, 
83%), vmax(thin film, DCM)/cm11734 (C--o); 4J(400 MHz; CDCh) 3.31-3.35 (2H, m, 
SCH2), 3.45-3.49 (2H, m, SCH1), 3.75 (3H, s, C(O)OCH:l), 4.87 (Ill, s, CH2SCH); 
oc(lOO MHz; CDCh) 38.8 (2xCH2), 53.1 (CH), 54.8 (CH), 171.9 (C=O); MS (Er) 
mlz 164 [M., 26.7%]; (Found: ~,163.99668. CSHs02S2 requires 163.99657). 
Experimental 163 
(2R,12bR)-2-(2-Methoxycarbonyl-[1,3 ]dithiolan-2-yl)-4-oxo-l,3, 4,6,7,121>-
hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (99) 
To a stirred solution of diisopropylamine (0.18 g, 0.25 ml, 1.77 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.71 
ml,I.77 mmol) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 DC and then cooled to -78 ·C where upon methyl 1,3-dithiolane-2-
carboxylate (98) (0.29 g, 1.77 mmoI) was added via syringe and stirring was 
continued for a further 15 minutes. After this time a solution of (12bR)-4-oxo-
1,6,7, 12l>-tetrahydro-4H-indolo[2,3-aJquinolizine-12-carboxylic acid fer/-butyl ester 
(95) (0.30 g, 0.89 mmoI) in anhydrous tetrahydrofuran (10 mI) was added via cannula 
at _78°C. The resulting mixture was allowed to warm slowly (overnight) to room 
temperature. The reaction was quenched by the addition of water (25 ml) and 
extracted with ethyl acetate (3 x 25 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. The crude product was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with 3:1 petrol:ethyI acetate to give the target 
compound as a pale yellow solid (0.21 g, 47%), a portion of which was recrystallised 
from ethyl acetate to give colourless needles; Mp 134-136 cC; [a]D = 272.4 (c =1.0, 
CHCh); vJIUI.{thin film, DCM)!cm"II727 (NC=O(O)'Bu), 1643 (NC=O); ~400 MHz; 
CDCh) 1.38-1.47 (lH, m, C=CCHCH(H», 1.70 (9H, s, OQCH3)3), 2.53 (lH, dd, J 
17.4, 11.7, CH(H)CO), 2.69-2.80 (2H, m, CH2CH2N) 2.81-2.85 (lH , m, 
C=CCHCH(H», 2.81-2.85 (lH, m, CH(H)N), 2.87-2.89 (lH, m, CH(H)CO),2.95-
3.03 (lH, m, CHCH2CO), 3.28-3.33 (2H, m, SCH2), 3.35-3.39 (2H, m, SCH2), 3.81 
(3H, s, C(O)OCH3), 5.10-5.17 (lH, m, CH(H)N), 5.10-5.17 (lH, m , C=CCH) 7.23-
7.33 (2H, m, ArH), 7.43-7.45 (!H, m, ArH), 8.02-8.04 (lH, m, ArH); oc(lOO MHz; 
CDCh) 21.7 (CH2), 28.1 (3xCH3), 33.8 (CH2), 35.7 «(.112), 38.4 «(.'H), 39.0 «(.112), 
40.1 (CH2), 40.3 (CH2), 53.5 (CH3), 55.4 (CH), 74.1 (c), 84.5 (C), 115.5 (CH), 118.4 
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(GI), 118.7 (C), 123.1 (CH), 124.8 (GI), 128.5 (c), 134.7 (c), 136.8 (c), 150.3 
(NC(O)O'Bu), 168.7 (C=O), 171.9 (NC=O); MS (El) mlz 502 [M', 3.5%]; (Found: 
M+, 502.15989. C2~30N205S2 requires 502.15962). 
Experimental 165 
(I 2bR)-6, 7,12,12b-Tetrahydro-IH-indolo[2,3-aJquinoIizin-4-one (100) 
N o 
H H 
4-Oxo-l,6,7, 12bR-tetrahydro-4H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-
butyl ester (95) (0.10 g, 0.29 mmol) was dissolved in formic acid (5.34 g, 4.38 ml 
1I5.9 mmol). The reaction was stirred for 28 hours at room temperature WIder 
nitrogen. It was then evaporated and shaken with 10% sodiwn carbonate (IO ml) and 
extracted with dichloromethane (3 x 20ml). The organic extracts were dried over 
anhydrous sodiwn sulphate, filtered and the solvent was removed on the rotary 
evaporator. The crude product was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with 3: I ethyl acetate:petrol to give the target 
compound as a white solid (0.05 g, 71%), a portion of which was recrystallised from 
ethyl acetate to give colourless needles; Mp 235-237 QC; [a]D = 420.0 (c =1.0, DCM); 
vImlx(thin film, DCM)lcm-1 3193 (NH), 1656 (C=O); 01(400 MHz; CDCh) 2.39-2.49 
(UI, m, C--CCHCH(H», 2.80-2.81 (UI, m, C=CCHCH(H». 2.82-2.85 (2lI, m, 
CH2CH2N). 2.86-2.89 (IlI, m, CH(H)N), 4.87-4.92 (1lI, m, C=CCH), 5.02-5.06 (1lI, 
m, CH(H)N), 6.09 (lH, dd, J 9.6,2.8, CHCO), 6.65-6.69 (lH, m, CHCHCO), 7.11-
7.22 (2H, m, ArH), 7.34-7.36 (lH, m, ArH), 7.51-7.55 (IH, m, ArH), 8.46 (lH, br, s, 
NH); Jc(100 MHz; CDCh) 20.9 (CH2), 31.1 (CH2), 38.8 (CH2), 51.6 (CH), 109.4 (C), 
111.0 (CH), 118.5 (CH), 119.8 (CH), 122.3 (CH), 125.7 (CrI), 126.6 (C), 132.4 (c), 
136.5 (c), 138.1 (CH), 165.0 (NC=O); MS (FAS) mlz 238 [M'", 57.5%]; (Found: M'", 
238.11061. C)5H)4N20 requires 238.11061). 
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(2S,12bR)-2-(4-0xo-I,2,3,4,6,7,12,12b-octahydro-indolo[2,3-a]quinolizin-2-yl)-
[1,3]dithiolane-2-carboxylic acid methyl ester (101) 
To a stirred solution of diisopropylamine (0.25 g, 0.36 ml, 2.52 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyl1ithium (2.5 M solution in hexanes) (1.08 
ml, 2.52 mmoJ) dropwise at 0 °C under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 °C and then cooled to _78°C where upon methyl 1,3-dithiolane-2-
carboxylate (98) (0.41 g, 2.52 mmol) was added via syringe and stirring was 
continued for a further 15 minutes. After this time a solution of (12bR)-6,7, 12, 12b-
tetrahydro-lH-indolo[2,3-a]quinolizin-4-one (100) (0.30 g, 1.26 mmol) in anhydrous 
tetrahydrofuran (10 ml) was added via cannula at _78°C. The resulting mixture was 
allowed to warm slowly (overnight) to room temperature. The reaction was quenched 
by the addition of water (25 ml) and extracted with ethyl acetate (3 x 25 ml). The 
organic extracts were dried over anhydrous magnesium sulphate, filtered and the 
solvent removed on the rotruy evaporator. The crude product was adsorbed onto 
silica and purified by flash column chromatography over silica eluting with 3: 1 
petrol:ethyl acetate to give the target compound as a pale yellow solid (0.37 g, 72%); 
Mp 208-212 °C; [a]D = 24.4 (c =1.0, CHCh); vmax(thin film, DCM)/cm-J 3271 (NB), 
1732 (C=O), 1621 (NC=O); M400 MHz; CDCh) 2.13-2.17 (1H, m, C=CCHCH(H», 
2.51-2.73 (UI, m, CHCH2CO), 2.51-2.73 (UI, m, c---CCHCH(H», 2.51-2.73 (2lI, m, 
CH2CH2N), 2.51-2.73 (IH , m, CH(H)CO), 3.02-3.07 (1lI, m, CH(H)N), 3.02-3.07 
(lH, m, CH(H)CO), 3.32-3.49 (2H, m, SCH2), 3.32-3.49 (2H, m, SCH2), 3.79 (3H, s, 
C(O)OCH3), 4.96-5.00 (lH, m, CH(H)N), 4.96-5.00 (lH, m , C=CCIf) 7.11-7.16 (lB, 
m, AIIl), 7.18·7.23 (lB, m, Arlf), 7.39-7.42 (lH, m, AIIf), 7.48·7.50 (lH, m, AIIf), 
8.07 (lH, br, s, Nil); t5c{IOO MHz; CDCh) 20.8 (CH2), 30.0 (CH2), 35.9 (CH2), 36.6 
(CH), 40.2 (CH2), 40.8 «('H2), 42.5 «('H2), 53.6 (CH), 53.8 «('H3), 72.6 (c), 111.2 (c), 
111.4 «('H), 118.3 (CH), 119.9 «('H), 122.3 (CH), 127.6 (c), 133.1 (C), 136.2 (C), 
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169.4 (C=O), 172.6 (NC=O); MS (FAB) mlz 402 [M'", 1.6%]; (Found: ~, 
402.1 0675. C2oIIzzN20}S2 requires 402.1 0719). 
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(2S,3R,12bR)-2-[3-([1,3]Dithiolane-2-carbonyl)-4-oxo-l,2,3,4,6,7,12,12b-octahydro-
indolo[2,3-a]quinolizin-2-yl]-[1,3Jdithiolane-2-carboxylic acid methyl ester (102) 
To a stirred solution of diisopropylarnine (0.54 g, 0.76 ml, 5.37 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (2.15 
ml, 5.37 mmol) dropwise at 0 QC under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 QC and then cooled to -78 QC where upon methyl 1,3-dithiolane-2-
carboxylate (98) (0.88 g, 5.37 mmol) was added via syringe and stirring was 
continued for a further 15 minutes. After this time a solution of(12bR)-6,7,12,12h-
tetrahydro-lH-indolo[2,3-a]quinolizin-4-one (100) (0.32 g, 1.34 mmol) in anhydrous 
tetrahydrofuran (10 ml) was added via cannula at -78 QC. The resulting mixture was 
allowed to warm slowly (overnight) to room temperature. The reaction was quenched 
by the addition of water (25 ml) and extracted with ethyl acetate (3 x 25 ml). The 
organic extracts were dried over anhydrous magnesium sulphate, filtered and the 
solvent removed on the rotary evaporator. The crude product was adsorbed onto 
silica and purified by flash column chromatography over silica eluting with 2: 1 
petrol:ethyl acetate to give the target compound as a pale yellow solid (0.46 g, 65%), 
a portion of which was recrystallised from ethyl acetate to give colourless needles; 
Mp 233-236 QC; [a]o = -18.4 (c =1.0, CHCh) (Found: C, 53.47; H, 4.78; N,5.13; 
C24H26N204S2 requires C, 53.91; H, 4.90; N, 5.24%); vn,..(thin film, DCM)!cm-1 3385 
(NH), 1719 (C=O), 1632 (NC=O); 41(400 MHz; CDCh) 2.29-2.33 (2H, m, 
C=CCHCHz), 2.79-2.89 (2H, m, CHzCHzN), 2.79-2.89 (IH, m, CH(B)N), 3.15-3.27 
(2H, m, COCHSCHz), 3.15-3.27 (2B, m, COCHSCHz), 3.35-3.37 (2H, m, 
CH2SCCOzCH3), 3.45-3.48 (2B, m, CHzSCCOzCHJ), 3.49-3.52 (JH, m, CHCHCO), 
3.88 (3H, S, C(O)OCH3), 4.33-4.36 (JH, m, CHCO), 4.98 (JH, t , J 8.4 C=CCH), 
5.11-5.13 (1H, m, CH(H)N), 5.92 (JH, s, COCH(SCH2)z), 7.10-7.20 (2H, m, ArH), 
7.32-7.34 (tH, m, ArH), 7.49 (JH, d, J 7.6 ArH), 7.87 (tH, br, s, NH); oc(100 MHz; 
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CDCh) 20.9 (CH2), 29.3 (CH2), 30.9 «(,11), 38.2 «(.112), 38.3 (CH2), 39.1 (CH2),40.4 
(CH2), 41.3 (Cl-h), 51.0 (CH), 53.8 (CH3), 54.8 «(.1I), 56.3 (CH), 73.9 (C), 109.7 (C) 
110.9 (CH), 118.4 (CH), 119.9 (CH), 122.2 (CH), 126.8 (c), 131.9 (c), 136.3 (C), 
164.8 (C=O), 171.8 (NC=O), 198.1 (C=O); MS (FAB) mlz 535 [MW, 5.2%]; (Found: 
MW, 535.08460. C24H26N204S4 requires 535.08537). 
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(12bS)-4-0xo-l ,6,7, 12b-tetrahydro-4H-indolo[2,3-a ]quinolizine-12-carboxylic acid 
tert-butyl ester (104) 
o 
To a stirred solution of diisapropylamine (3.41 ml, 2.44 g, 24.12 mmol) in anhydrous 
tetrahydrofuran (10.0 ml) was added n-butyUithium (2.5 M solution in hexanes) (9.7 
ml, 24.12 mmol) dropwise at 0 °C under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to -78 °C whereupon a solution of 
(12bS)-4-oxo-l,3,4 ,6, 7, 12b-hexahydro-2H-indolo[2,3-a ]quinolizine-12-carboxylic 
acid tert-butyl ester (91) (2.74 g, 8.04 mmol) in anhydrous tetrahydrofuran (30 ml) 
was added via cannula. The resulting mixture was stirred for a further 1 hour at -78 
°C after which time phenylselenenylbromide (2.86 g, 12.1 mmol) in anhydrous 
tetrahydrofuran (20 ml) was added dropwise via syringe. The reaction was allowed to 
warm slowly from -78 °C to room temperature with stirring. After 24 hours the 
reaction was quenched by the addition of saturated aqueous ammonium chloride 
solution (80 ml) and extracted with diethyl ether (3 x 100 ml). The combined ether 
extracts were washed with saturated aqueous ammonium chloride solution (200 ml), 
dried with anhydrous sodium sulphate and filtered. The solvent was removed on the 
rotary evaporator to yield the crude selenide (3.98 g) which was used without further 
purification. 
The crude selenide (103) (3.98 g) was dissolved in methanol (200 ml) and water (50 
ml). To the resulting solution was added sodium metaperiodate (3.95 g, 18.5 mmol) 
and sodium bicarbonate (0.81 g, 9.65 mmol) and the solution was stirred vigorously at 
room temperature for 18 hours. After this time the reaction was poured into a mixture 
of saturated aqueous sodium bicarbonate solution (200 ml) and diethyl ether (250 ml). 
The ether layer was washed with water (200 ml), then brine (200 mt) and dried over 
anhydrous magnesium sulphate, filtered and the solvent was removed on the rotary 
evaporator. The crude product was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with 3:2 petrol:ethyl acetate to give the target 
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compound as a pale yellow foam (1.8 g, 66%), Mp 100-102 QC; [a]o = -676.6 (c =1.5, 
CHCh); vll...{thin film, DCM)/cm11730 (NC=O(O),Bu), 1649 (NC=O); ~400 MHz; 
CDCb) 1.69 (9ll, s, OQCHJ)3), 2.13-2.22 (Ill, m, C=CCHCH(H», 2.74-2.83 (2ll, m, 
CH1CH1N), 2.84-2.91 (lH, m, CH(H)N), 3.03 (UI, ddd, J 17.2, 6.4, 3.6, 
C=CCHCH(H», 5.02 (lH, ddd, J 12.4, 4.8, 1.6, CH(H)N), 5.24-5.28 (lH, m, 
C=CCH), 6.11 (lH, dd, J 9.7,2.8, CHCO), 6.68-6.72 (JH, m, CHCHCO), 7.25-7.36 
(2H, m, ArH), 7.43-7.51 (lH, m, ArH), 8.06-813 (lH, m, ArH); Jc(100 MHz; CDCh) 
21.5 (CH2), 28.2 (3xCH3), 31.6 (CH2), 37.6 (CH2), 53.3 (CH), 84.6 (C), 115.8 (CH), 
118.0 (C), ]]8.4 (CH), 123.1 (CH), 124.8 (CH), 125.4 (CH), 128.5 (C), 134.1 (C), 
136.6 (C), 139.3 (CH), 150.0 (NC(O)O'Bu), 164.9 (NC=O); MS (FAB) m/z 339 
[MW, 6.4%] (Found: MW, 339.17119. CloHllN203 requires 339.17087). 
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(2S,12b~r2-(2-Methoxycarbonyl-[1,31dithiolan-2-yl)-4-oxo-l,3,4,6,7,12h-hexahydro-
2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (105) 
o 
To a stirred solution of diisopropylamine (0.18 g, 0.25 ml, 1.77 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.71 
ml,1.77 mmol) dropwise at 0 QC under nitrogen. The reaction mixture was stirred for 
15 minutes at 0 QC and then cooled to -78 QC where upon methyl 1,3-dithiolane-2-
carboxylate (98) (0.29 g, 1.77 mmol) was added via syringe and stirring was 
continued for a further IS minutes. After this time a solution of (12bS)-4-0xo-
1,6,7, 12h-tetrahydro-4H-indolo[2,3-a Jquinolizine-12-carboxylic acid tert-butyl ester 
(104) (0.30 g, 0.89 mmol) in anhydrous tetrahydrofuran (10 ml) was added via 
carmula at -78 QC. The resulting mixture was allowed to warm slowly (overnight) to 
room temperature. The reaction was quenched by the addition of water (25 ml) and 
extracted with ethyl acetate (3 x 25 ml). The organic extracts were dried over 
anhydrous magnesium sulphate, filtered and the solvent removed on the rotary 
evaporator. The crude product was adsorbed onto silica and purified by flash column 
chromatography over silica eluting with 3:1 petro\:ethyl acetate to give the target 
compound as a pale yellow solid (0.28 g, 64%), a portion of which was recrystaIlised 
from ethyl acetate to give colourless needles; Mp 94-97 QC; [a]D = -271.6 (c =1.0, 
CHCh); vmax(thin film, DCM)/cm·11730 (NC=O(O)'Bu), 1642 (NC=O); <%(400 MHz; 
CDCh) 1.38-1.47 (JR, m, C=CCHCH(H», ].71 (9H, s, OqCH3)3), 2.53 (JH, dd, J 
17.2, 11.6, CH(H)CO), 2.68-2.78 (2H, m, CH2CH2N) 2.79-2.86 (JH , m, 
C=CCHCH(H», 2.79-2.86 (JR, m, CH(H)N), 2.89-2.91 (JR, m, CH(H)CO),2.95-
3.00 (UI, m, CHCH2CO), 3.24-3.33 (2H, m, SCH2), 3.35-3.42 (2H, In, SCH2), 3.81 
(3H, s, C(O)OCH:l), 5.10-5.17 (lH, m, CH(H)N), 5.10-5.17 (1H, m, C=CCH) 7.22-
7.34 (2H, ID, ArH), 7.43-7.45 (JH, m, ArH), 8.01-8.05 (1H, ID, ArH); oc(lOO MHz; 
CDCh) 21.6 (012), 28.1 (3xC'H3), 33.8 (C'H2), 35.7 (C'H2), 38.4 (CH), 39.1 (C'H2). 
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40.0 (m2), 40.3 (CH2), 53.5 «('l'h), 55.4 (CH), 74.1 (c..), 84.5 (c..), 115.5 (CH), 118.4 
(m), 118.6 (c..), 123.1 (CH), 124.8 (CH), 128.5 (c..), 134.6 (C), 136.8 (C), 150.3 
(NC(O)O'Bu), 168.9 (C=O), 171.9 (NC=O); MS (FAB) mlz 502 [MH+, 36.3%]; 
(Found: M+, 503.16650. C2sH30N20SS2 requires 503.16744). 
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(2R,12bR)-3-Ethyl-2-(2-methoxycarbonyl-[1,3]dithiolan-2-yl)-4-oxo-1,3,4,6,7,12b-
hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (106) 
To a stirred solution of diisopropyl amine (0.08 g, 0.12 ml, 0.82 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.33 
ml, 0.82 mmoJ) dropwise at 0 °C under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 °C and then cooled to -78°C whereupon a solution of 
(2R, 12bR)-2-(2-methoxycarbonyl-[1 ,3]dithiolan-2-yl)-4-oxo-l ,3,4,6,7, 12b-hexahydro 
-2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (99) (0.14 g, 0.28 
mmol) in anhydrous tetrahydrofuran (15 ml) was added via cannula. The resulting 
mixture was stirred for a further 1 hour at -78°C after which time ethyl iodide (0.08 
g, 0.04 ml, 0.50 mmol) in anhydrous tetrahydrofuran (10 ml) was added dropwise via 
syringe. The reaction was allowed to warm slowly from -78°C to room temperature 
with stirring. After this time a mixture of saturated aqueous ammonium chloride 
solution (10 ml) and water (l0 ml) was added and stirring continued for 20 minutes. 
The organic phase was separated and the aqueous phase extracted with ethyl acetate 
(3 x 40 ml). The combined organic extracts were dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. The crude 
product was absorbed onto silica and purification was atempted by flash column 
chromatography with 2: I petrol:ethyl acetate as eluent. Separation of product 
diastereoisomers was found to be impossible. Characteristic peaks in the tH NMR 
spectra for the major and minor diastereoisomers are as follows: on( 400 MHz; CDCb) 
1.03-1.09 (3H, t, COCHCH2CH3), 1.78-1.98 (lH, m, COCHCH(H)CH3), 2.66-2.81 
(UI, ID, COCHCH(H)CH3), 2.91-2.98 (UI, m, COCHCH2CH3); 
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(28, 12bS}-3-Ethyl-2-(2-methoxycarbonyl-[ 1 ,3]dithiolan-2-yl)-4-oxo-l ,3,4,6,7, 12b-
hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxyJic acid tert-butyl ester (107) 
To a stirred solution of diisopropylamine (0.12 g, 0.17 ml, 1.20 mmol) in anhydrous 
tetrahydrofuran (5.0 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.48 
ml, 1.20 mmol) dropwise at 0 cC under a nitrogen atmosphere. The reaction mixture 
was stirred for 15 minutes at 0 cC and then cooled to -78 cC whereupon a solution of 
(2S,12bS}-2-(2-methoxycarbonyl-[1,3Jdithiolan-2-yl)-4-oxo-l,3,4,6,7,12b-hexahydro-
2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (105) (0.20 g, 0.40 
mmol) in anhydrous tetrahydrofuran (15 ml) was added via cannula. The resulting 
mixture was stirred for a further I hour at -78 cC after which time ethyl iodide (0.09 
g, 0.05 ml, 0.60 mmol) in anhydrous tetrahydrofuran (10 ml) was added dropwise via 
syringe. The reaction was allowed to warm slowly from -78 cC to room temperature 
with stirring. After this time a mixture of saturated aqueous ammonium chloride 
solution (10 ml) and water (10 ml) was added and stirring continued for 20 minutes. 
The organic phase was separated and the aqueous phase extracted with ethyl acetate 
(3 x 40 ml). The combined organic extracts were dried over anhydrous magnesium 
sulphate, filtered and the solvent removed on the rotary evaporator. The crude 
product was absorbed onto silica and purification was atempted by flash column 
chromatography with 2:1 petrol:etbyl acetate as eluent. Separation of product 
diastereoisomers was found to be impossible. Characteristic peaks in the IH NMR 
spectra for the major and minor diastereoisomers are as follows: Characteristic peaks 
in the IH NMR spectra for the major and minor diastereoisomers are as follows: 
oH(400 MHz; CDCh) 1.04-1.08 (3H, 1, COCHCH2CH3), 1.69-1.74 (UI, m, 
COCHCH(H)CH3), 2.60-2.99 (lH, m, COCHCH(H)CH3), 2.94-2.99 (lH, m, 
COCHCH2CH3); 
Experimental 176 
(2S, 12bS)-3-[(E)-Ethylidene]-2-(2-methoxycarbonyl-[J ,3Jdithiolan-2-yl)-4-oxo-
1,3,4,6, 7, 12h-hexahydro-2H-indolo[2,3-aJquinolizine-12-carboxylic acid tert-butyl 
ester (108) 
To a stirred solution of diisopropylamine (0.12 g, 0.17 ml, 1.21 mmol) in anhydrous 
tetrahydrofuran (5 ml) was added n-butyllithium (2.5 M solution in hexanes) (0.48 ml, 
1.21 mmol) dropwise at 0 QC under a nitrogen atmosphere. The reaction mixture was 
stirred for 15 minutes at 0 QC and then cooled to -78 QC whereupon a solution of 
(2S, 12bS)-2-{2-methoxycarbonyl-[1 ,3]dithiolan-2-y 1)-4-oxo-1,3, 4,6,7, 12b-hexahydro-
2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester (IOS) (0.20 g, 0.40 
mmol) in anhydrous tetrahydrofuran (15 ml) was added via cannula. The resnlting 
mixture was stirred for a further 30 minutes at -78 QC after which time acetaldehyde 
(0.18 g, 0.23 ml, 4.02 mmol) was added dropwise via syringe. The reaction was 
allowed to warm slowly from -78 QC to room temperature with stirring. After this 
time a mixture was quenched with saturated aqueous ammonium chloride solution (15 
ml) and extracted with diethyl ether (3 x 20 ml). The combined organic extracts were 
dried over anhydrous magnesium sulphate, filtered and the solveut removed on the 
rotary evaporator and a brown oil was obtained (0.22 g). The crude product was 
dissolved in anhydrous dichloromethane (15 ml) under a nitrogen atmosphere 
containing triethylamine (0.12 g, 0.17 ml, 0.42 mmol) and the mixture was cooled to-
40°C. Methane sulfonyl chloride (0.07 g, 0.05 ml, 0.60 mmol) was added dropwise 
and the mixture was further stirred at -40 °C for 20 mins. This was allowed to warm 
to room temperature and stirred for an additional 3 hours after which the solvent was 
removed on the rotary evaporator to give the mesylate. The mesylate was then 
dissolved in anhydrous tetrahydrofuran (15 ml) and 1,5-diazabicyclo[4.3.0Jnon-5-ene 
(0.15 g, 0.15 ml, 0.40 mmol) was added and was stirred for 2 hours at room 
temperature. The solvent was removed and the residue redissolved in diethyl ether 
(20 ml) which was washed with saturated ammonium chloride solution (20 ml). The 
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fraction was dried over anhydrous magnesium sulphate, filtered and the solvent 
removed on the rotary evaporator. The crude product was absorbed onto silica and 
purification was attempted by flash column chromatography with 1:1 petrol:ethyl 
acetate as eluent. This procedure resulted in isolation of an unwanted product. 
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3.7 Total Synthesis of (+)-12h-Epidevinylantirhine 
(2R,12bR)-2-MethoxycarbonylmethyI4-oxo-I,3, 4,6,7, 12b-hexahydro-2H -indolo[2,3-
a]quinolizine-12-carboxylic acid tert-butyl ester (116) 
H ~ 
./ Me02C 
Nickel chloride hexahydrate (0.56 g, 2.34 mmol) was added to a cooled solution of 
(2R, 12bR)-2-(2-methoxycarbonyl-[1 ,3]dithiolan-2-y I )4-oxo-1 ,3,4,6,7, 12b-
hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid lert-butyl ester (99) (0.12 
g, 0.23 mmol) in 10 ml of 1:3 TIlF:MeOH. When it was completely dissolved 
sodium borohydride (0.27 g, 7.02 mmol) was added portion wise and the mixture was 
stirred at room temperature for 4 hours and filtered through celite. The filtrate was 
concentrated and extracted with brine (20 ml) and dichloromethane (3 x 25 ml). The 
organic extracts were dried over anhydrous magnesium sulphate, filtered and the 
solvent removed on the rotary evaporator. The crude product was adsorbed onto 
silica and purified by flash column chromatography over silica eluting with I: 1 
petrol:ethyl acetate to give the target compound as a white solid (0.07 g, 73%); Mp 
136-138 QC; [et]D = 281.6 (c =1.0, CHCh); vrn..{thin film., OCM)/crn-) 1729 
(NC=O(O)'Bu), 1641 (NC=O); oH(400 MHz; COCh) 1.16-1.29 (lH, m, 
C=CCHCH(H», 1.69 (9H, s, OC(CH3)3), 2.09-2.16 (lH, m, CH(H)CO), 2.25-2.38 
(2H, m, CH2C02CH3), 2.43-2.56 (lH, rn, CHCH2CO), 2.67-2.74 (lH , m, 
C=CCHCH(H», 2.67-2.74 (lH, m, CH(H)CO), 2.76-2.84 (2H, rn, CH2CH2N),2.76-
2.84 (lH, m, CH2CH(H)N), 3.69 (3H, s, C(O)OCH3), 5.11-5.16 (lH, rn, C--CCH), 
5.10-5.16 (IH, m, CH(H)N) 7.23-7.33 (2H, m., ArH), 7.42-7.44 (IH, m, ArH), 8.04-
8.06 (IH, m., ArEl); oc(IOO MHz; CDCh) 21.7 (CH2), 28.2 (3xCH3), 28.4 (CH), 35.9 
(CH2), 38.2 (C'H2), 38.9 «('"'fJ2), 40.4 (CH2), 51.7 (Cfh), 55.5 «('"'fJ), 84.5 (c), 115.5 
(CH), 118.3 (CH), 118.5 (C), 123.0 (CH), 124.7 (CH), 128.5 (c), 134.8 (c), 136.9 
Experimental 179 
(C), 150.2 (NC(O)O'Bu), 168.4 (C=O), 171.9 (NC=O); MS (El) mJz 413 [MW, 
72.2%); (Found: MW, 413.20721. C23H2SN20S requires 413.20765). 
Experimental 180 
(2R,12bR)-(4-Oxo-I,2,3,4,6,7,12,12b-octahydro-indolo[2,3-a]quinolizin-2-yl)-acetic 
acid methyl ester (117) 
o 
(2R, 12bR)-2-Methoxycarbonylmethyl-4-oxo-I,3, 4,6,7, 12b-hexahydro-2H -indolo[2,3-
a]quinolizine-12-carboxylic acid tert-butyl ester (116) (0.22 g, 0.54 mmol) was 
dissolved in formic acid (7.91 mJ, 9.65 g, 209.7 mmol). The reaction was stirred for 
28 hours at room temperature under nitrogen. It was then evaporated and shaken with 
10% sodium carbonate (20 ml) and extracted with dichloromethane (3 x 50 ml). The 
organic extracts were dried over anhydrous sodium sulphate, filtered and the solvent 
removed on the rotary evaporator. The crude product was adsorbed onto silica and 
purified by flash column chromatography over silica eluting with 3:1 ethyl 
acetate:petrol to give the target compound as a yellow solid (0.05 g, 71%), which 
required no further purification; Mp 93-95 cC; [a]D = 96.8 (c =1.1, CHCh); v,,,,,,{thin 
film, DCM)/cm,l 3248 (NH), 1736 (C=O); 41(400 MHz; CDCh) 1.24-1.28 (Ill, In, 
CHCH2CO), 1.40-1.49 (IH, m, C=CCHCH(H», 2.05-2.14 (IH, m, CH(H)CO), 2.26-
2.48 (2H, m, CH2C02CH3), 2.58-2,66 (IH, m, C=CCHCH(H», 2.58-2.66 (IH, m, 
CH(H)CO), 2.69-2.77 (2H, m, CH2CH2N), 2.69-2.77 (IH, m, CH(H)N), 3.68 (3H, S, 
COOCH3), 4.75-4.79 (IH, m, C=CCH), 5.14-5.17 (IH, m, CH(H)N), 7.08-7.12 (IH, 
m, ArH), 7.14-7.18 (Ill, m, ArH), 7.30 (Ill, d, J 8, ArH), 7.48 (lH, d, J7.6, ArH), 
8.83 (Ill, br, s, NH); oc(100 MHz; CDCh) 21.1 (CH2), 28.2 (CH), 34.8 (CH2), 38.3 
(012),39.7 (C'H2), 39.9 (CH2), 51.8 (C'lh), 53.9 (CH), 108.9 (C). 111.0 (CH), 118.3 
(CH), 119.6 (CH), 122.0 (CH), 126.7 (CH), 133.0 (c), 136.4 (C), 168.2 (C=O), 171.3 
(NC=O); MS (El) mlz 312 [M., 3.5%]; (Found:~, 312.14688. ClsH:wN203 requires 
312.14739). 
Experimental 181 
(+ )-l2b-Epidevinylantirhine (109)43.46 
H I HO -
-......./ 
Lithium aluminium hydride (0.153g, 4.04 mmol) was weighed into a pre-dried three 
necked flask fitted with a condenser under a nitrogen atmosphere. Anhydrous 
tetrahydrofuran (10 ml) was added and the suspension was cooled to 0 °C with an ice 
bath. (2R, 12bR)-( 4-0xo-I,2,3,4,6, 7,12, 12b-octahydro-indolo[2,3-aJquinolizin-2-yl)-
acetic acid methyl ester (117) (0.158, 0.51 mmol) in anhydrous tetrahydrofuran (10 
ml) was added dropwise to the hydride solution at 0 QC. The resulting mixture was 
heated under reft ux for 3 hours and then stirred at room temperature for a further 12 
hours. Ether (10 ml) was added and the reaction was quenched by the careful addition 
of saturated aqueous sodium potassiwn tartrate solution. The mixture was stirred for 
another 1 hour before the addition of anhydrous magnesium sulphate prior to filtration 
through a celite pad. The filtrate was removed on the rotary evaporator. The crude 
product was adsorbed onto alumina and purified by flash column chromatography 
over alumina e1utingwith 100:1 CHCh:MeOH to give the target compound as a white 
solid (0.068 g, 50%), a portion of which was recrystalIised from ethyl acetate to give 
colourless needles; Mp 239-240 QC; [aJD = 34.4 (c = 0.5, MeOH); vma.~thin film, 
DCM)/cm' l 3268 (NH), (OH); 41(400 MHz; C~OD) 1.16-1.24 (1H, m, 
C=CCHCH{H», 1.38-1.48 (1H, m, CHCH(H)CH2N), 1.50-1.63 (2H, m, 
CH2CH20H), 1.69-1.82 (lH, m, CHCHzCH2N), 1.69-1.82 (lH, m, CHCH{H)CH2N), 
2.36-2.42 (lH, m, C--CCHCH(H», 2.44-2.48 (lH, m, CHCH2CH{H)N), 2.57-2.64 
(lH, m, C=CCH1CH{H)N), 2.69-2.74 (lH, m, C=CCH(H)CH2N), 2.94-3.04 (lH, m, 
CHCH2CH(H)N), 2.94-3.04 (lH, m, C=CCH(H)CH2N), 3.07-3.13 (lH, m, 
C=CCH2CH(H)N ), 3.29-3.34 (1H, m, C--CCH) 3.67-3.70 (2H, ID, CH20H), 6.94-
6.98 (1H, m, ArH), 7.01-7.05 (lH, m, ArH), 7.27-7.29 (1H, m, ArH), 7.36-7.38 (1H, 
m, ArH); oc(lOO MHz; CD30D) 22.4 (CH2), 32.9 (CH2), 33.8 (CH), 36.7 (CH2), 40.5 
(CH2), 54.4 (CH2), 56.5 (CH2), 60.4 (CH2), 61.7 (CH), 107.7 (c), 111.9 (CH), 118.6 
Experimental 182 
«(11), 119.8 «(11) 121.9 (Of), 128.4 «(11), 135.9 (C), 138.1 (C); MS (El) mlz 270 
[W, 14.1%]; (Found: M', 270.17290. C17H22N20 requires 270.17321). 
Experimental 183 
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Chapter 4 
Appendix 
4.1 X-ray Data 
4.1.1 (2R,12bR)-2-(2-Methoxycarhonyl-ll,3]dithiolan-2-yl)-4-oxo-l,3,4,6,7,12b-
hexahydro-2H-indolo[2,3-a]quinolizine-12-carboxylic acid tert-butyl ester 
(99) 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical fonnula 
Fonnula weight 
Temperature 
Radiation, wavelength 
Appendix 
smaSo 
C2sli30NZOSS2 
502.63 
150(2) K 
MoKa, 0.71073 A 
187 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient !.t 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
diffi"actometer 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2:>2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F2:>2cr] 
R indices ( all data) 
Goodness-of-fit on p2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
monoclinic, P21 
a = 10.5505(7) A 
b = 9.3807(6) A 
c = 12.4921(8) A 
1216.51(14) A3 
2 
f3 = 100.28(2)0 
1.372 g/cm3 
0.258 mm-l 
532 
y=900 
colourless, 0.87 x 0.09 x 0.05 mm) 
5277 (9 range 2.33 to 28.00°) 
Broker SMART 1000 CCD 
ID rotation with narrow frames 
1.66 to 28.94° 
h-14to 14, k-12 to 12, 1-15to 16 
100.0 % 
0% 
10789 
5594 (Rim = 0.0192) 
5007 
semi-empirical from equivalents 
0.806 and 0.987 
direct methods 
Full-matrix least-squares on F2 
0.0392, 0.5081 
5594/1/311 
RI = 0.0379, wR2 = 0.0850 
RI = 0.0468, wR2 = 0.0905 
1.077 
-0.03(6) 
0.001 and 0.000 
0.910 and-O.290 eA-3 
188 
4.1.2 (12hR)-6,7,12,12h-Tetrahydro-IH-indolo(2,J-a]quinolizin-4-0ne (lOO) 
o 
Table I. Crystal data and structure refinement. 
Identification code 
Chemical fonnula 
FonnuIa weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Absorption coefficient I-t 
F(OOO) 
Crystal colour and size 
Appendix 
sma54 
CIsHI4N20 
238.28 
150(2)K 
MoKa, 0.71073 A 
orthorhombic, P2 12 12 1 
a=8.4215(13)A a=90° 
b = 11.3903(18) A 
c= 12.6411(19) A 
1212.6(3) A 3 
4 
1.305 glcm3 
0.083 mm-I 
504 
13 = 90° 
y= 90° 
colourless, 0.52 x 0.09 x 0.08 mm3 
189 
Reflections for cell refinement 
Data collection method 
diffr.actometer 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F~2a 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a. b 
Data 1 restraints 1 parameters 
Final R indices [F2> 2a] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Table 2. Hydrogen bonds lA and 0]. 
D-H ... A d(D-H) 
N(12}--H( 12) ... 0(1 ') 0.88 
Symmetry operations for equivalent atoms 
, -x+I12,-y,z-I12 
Appendix 
4537 (9 range 2.41 to 28.40°) 
Bruker SMART 1000 CCD 
ro rotation with narrow frames 
2.41 to 28.97° 
h-ll to 11, k-14 to 14,1-16 to 16 
100.0% 
0% 
10711 
2925 (Rint = 0.0241) 
2489 
semi-empirical from equivalents 
0.958 and 0.993 
direct methods 
Full-matrix least-squares on F2 
0.0285, 0.3077 
2925/01163 
RI = 0.0358, wR2 = 0.0750 
RI = 0.0482, wR2 = 0.0821 
1.071 
-0.1(15) 
0.000 and 0.000 
0.203 and -0.150 eA-3 
d(H ... A) d(D ... A) «DHA) 
1.93 2.8112(17) [76.8 
[90 
4.1.3 (lS,3R,12bR)-2-[3-([1,3]Dithiolane--2-carbonyl)-4-0xo-1,2,3,4,6,7,12,12b-
octahydro-indolo\2,3-a]quinolizin-2-yl]-\1,3]dithioJane--2-carboxylie acid 
methyl ester (102) 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical fonnula 
Fonnula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Appendix 
sma53 
C2.JI2~204S4 
534.71 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, P21212J 
a = 7.6895(7) A 
b = 17.2611(16) A 
c = 18.2799(17)A 
2426.3(4)N 
4 
a=90" 
/3 = 90° 
y=90° 
191 
Calculated density 
Absorption coefficient J.l 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
diffractometer 
9 range for data collection 
Index ranges 
Completeness to 9 = 26.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F2;,2cr 
Absorption correction 
Min. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2;,2cr] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
Largest and mean shiftlsu 
Largest diff. peak and hole 
Appendix 
1.464 g/cm3 
0.427 mm-1 
1120 
yellow, 0.62 x 0.29 x 0.24 mm3 
12787 (9 range 2.23 to 28.92°) 
Bruker SMART 1000 CCD 
ro rotation with narrow frames 
1.62 to 28.99° 
h -10 to 10, k -23 to 22, 1-23 to 24 
·99.9% 
0% 
21508 
5875 (Rint = 0.0208) 
5417 
semi-empirical from equivalents 
0.778 and 0.905 
direct methods 
Full-matrix least-squares on F2 
0.0376,0.6122 
5875/0/311 
RI = 0.0287, wR2 = 0.0682 
RI = 0.0329, wR2 = 0.0705 
1.047 
0.03(5) 
0.001 and 0.000 
0.394and-0.251 eA-3 
192 
Table 2. Hydrogen bonds rA and 0J. 
D-H. .. A d(D-H) 
N(12}-H(J2) ... 0(1 ') 0.78(2) 
Symmetry operations for equivalent atoms 
, x+l,y,z 
Appendix 
d(H ... A) d(D ... A) «DHA) 
2.11(2) 2.871(2) 165(2) 
193 
4.1.4 (2S,12bS)-2-(2-Methoxycarbonyl-(I,3]dithiolan-2-yl)-4-0xo-l,3,4,6,7,12b-
hexahydro-2H-indolo(2,3-a]quinolizine--12-carboxylic acid tert-butyl ester 
(105) 
efa) Clg,/-., 
ClJ 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Appendix 
smadll 
C2sH30N20SS2 
502.63 
150(2) K 
synchrotron, 0.6719 A 
monoclinic, P2 J 
a = 10.5477(8) A 
b = 9.3747(7) A 
c = 12.5088(10) A 
1216.88(16) A3 
13 = 100.31(2)° 
y=900 
194 
Z 
Calculated density 
Absorption coefficient )1 
P(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
6 range for data collection 
Index ranges 
Completeness to e = 25.00° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with p2> 2cr 
Absorption correction 
Mill. and max. transmission 
Structure solution 
Refinement method 
Weighting parameters a, b 
Data / restraints / parameters 
Final R indices [F2>2crl 
R indices (all data) 
Goodness-of-fit on p2 
Absolute structure parameter 
Largest and mean shift/su 
Largest diff. peak and hole 
Appendix 
2 
1.372 g/cm3 
0.258 mm-l 
532 
colourless, 0.24 x 0.06 x 0.03 mm3 
7971 (6 range 2.63 to 30.84°) 
Broker APEX rr CCD diffiactometer 
(i) rotation with narrow frames 
2.63 to 25.00° 
h -13 to 13, k -11 to 11,1-15 to 15 
97.1 % 
4% 
10394 
4877 (Rim = 0.0588) 
4743 
semi-empirical from equivalents 
0.941 and 0.992 
direct methods 
Pull-matrix least-squares on F2 
0.0946,0.0621 
4877/27/321 
RI = 0.0521, wR2 = 0.1360 
RI = 0.0529, wR2 = 0.1375 
1.042 
-0.02(7) 
0.000 and 0.000 
0.278 and -0.221 e A-3 
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4.1.5 (+)-12h-Epidevinylantirhine (109) 
H i 
HO~ 
Cl" 
) NI5J ~~o 
ellAJ ~ }-----o 
0- )00-0.,.(- J ct3J • 
cm CI2I 
~~o 
Olll-~'O 
Hill 
Table 1. Crystal data and structure refinement. 
Identification code 
Chemical formula 
Formula weight 
Temperature 
Radiation, wavelength 
Crystal system, space group 
Unit cell parameters 
Cell volume 
Z 
Calculated density 
Appendix 
sma56 
CI1H22N20 
270.37 
150(2) K 
MoKa, 0.71073 A 
orthorhombic, P2J2J2J 
a = 6.6981(9) A 
b = 10.1667(14) A 
c = 22.163(3) A 
1509.2(4) A3 
4 
1.190 g/cm3 
a=90° 
f3 = 900 
y= 900 
196 
Absorption coefficient ).l 
F(OOO) 
Crystal colour and size 
Reflections for cell refinement 
Data collection method 
diffractometer 
9 range for data collection 
Index ranges 
Completeness to 9 = 22.49° 
Intensity decay 
Reflections collected 
Independent reflections 
Reflections with F~20" 
Absorption correction 
Min. and max. transmission 
Structure sol ution 
Refinement method 
Weighting parameters a, b 
Data 1 restraints 1 parameters 
Final R indices [F~20"] 
R indices (all data) 
Goodness-of-fit on F2 
Absolute structure parameter 
data 
Extinction coefficient 
Largest and mean shifllsu 
Largest diff. peak and hole 
Appendix 
0.074 mm-I 
584 
colourless, 0.30 x 0.07 x 0.02 mm3 
1291 (9 range 2.20 to 18.86°) 
Broker SMART 1000 CCD 
ro rotation with narrow frames 
1.84 to 22.49° 
h-7to 7, k-lO to 10,1-23 to 23 
100.0% 
0% 
8832 
1958 (Rin! = 0.0543) 
1351 
semi-empirical from equivalents 
0.978 and 0.999 
direct methods 
Full-matrix least-squares on F2 
0.0329, 1.8499 
1958/194/183 
RI = 0.0622, wR2 = 0.1243 
RI = 0.1035, wR2 = 0.1472 
1.071 
0(5) - could not be determined from the 
0.0063(17) 
0.000 and 0.000 
0.204 and -0.205 e A-3 
197 
Table 2. Hydrogen bonds [A and 0). 
D-H. .. A d(D-H) d(H ... A) 
N(l2)-H(12) ... O(l') 0.88 
O(I)-H(1) ... N(5") 0.84 
Symmetry operations for equivalent atoms 
'-x+l,y+1I2,-z+1I2 "-x,y-1I2,-z+l/2 
Appendix 
l.93 
1.89 
d(D ... A) «DHA) 
2.812(6) 179.5 
2.711(6) 166.6 
198 
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Abstract-We report a new and bighly stereoselective approach for the construction of. range of functionalized indoJo{;l,3..,Jqumo-
lizine targets from a readily available, nonracemic chiral template. The methods developed allow us to predetermine relative prodnct 
stereochemistries by judicious choice of substrate sub-structure. 
© 2006 Elseviet Ltd. All rights reserved. 
The indolo(2,3-a]quinolizine ring system 1 is of consider-
able interest and significance since this heterocyclic tem-
plate is found within a plethora of indole alkaloids, 
including geissoschizine 2, I geissoschizol 32 and hirsu-
tine 4.3 The presence of the lactam carbonyl in templates 
such as 1 allows for possible fnrther functionalization en 
route to the natural product targets. Recent approaches 
to the construction of this heterocyclic target system by 
other groups have included the diastereoselective vinyl-
ogous Mannich reaction,4 Bischler-Napieralski reac-
tion,' Fischer indole synthesis" and an asymmetric 
Pictet-Spengler reaction.7 
We have developed a Dew approach for the stereoselec-
tive synthesis of the indolo[2,3-a]quinolizine ring system 
that involves the cyclization of a pendent indole substi-
tuent onto an N-acylimininm intermediate as the key 
ring-forming step." We have recently applied onr meth-
odology in natural product synthesis, and have reported 
the asymmetric preparation of some simple indole alka-
loids, including deplancheine.9 In order to access more 
advanced targets such as 2-4, and their synthetic ana-
lognes, one wonld require snitable and flexible routes 
for the introduction of additional functionality to the 
indolo[2,3-a]quinolizine template, ideally with control 
over relative and absolute stereochemistry. One 
approach currently under study in our laboratory is to 
• Corresponding autllOr. E-mail: S.M.AJlin@Jooro.ac.uk 
0040-4039/$ . see fronl maller © 2006 E1sevier Ltd. All right. reserved. 
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1 2 
H -'" 
~H 
3 4 
introduce appropriate functionality through conjugate 
addition to the Iactatn ring. Scheme I highlights the 
preparation of a model substrate for this investigation 
from indolizino[2,3-a ]quinolizidine derivative 5, 
obtained as a single diastereoisomer as previously 
reported." 
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With a,/3-unsatumted amide 7 in hand, we turned our 
attention to the proposed functionalization of the fl-
position through the conjugate addition chemistry 
shown in Scheme 2. 
The products of conjugate addition were isolated in 
varying yields: 8 (52%),9 (20%) and 10 (65%); we were 
pleased to observe the fonll3tioll, in each case, of the 
desired product as a single diastereoisomer by exanli-
nation of the cmde reaction mixtures by 250 MHz ) H 
NMR spectroscopy. The relative stereochemistry of 
each product was confinued by NOE studies. Protons 
at positions 2 and 12b have IrOJ1.'J relative stereochem-
istry, as seen in the natuml product hirsutine, 4.' 
All nuc\eophiles gave the same sense of stereochemical 
induction with template 7, and although this appears 
to result from the nucleophile approaching the face of 
the conjugated amide that cames the large benzyloxy-
methyl-substituent, the representations shown in 
Scheme 2 can be misleading, since the confonuation of 
molecules such as 7 is bowl-like, and the nucleophiles 
Q;Qf Q) 
5 
are approaching from the outer (perbaps less hindered) 
face of the bowl; that is, from the same face as the 
H-atom at the proximate ring junction. 
An intrigoing and potentially very useful effect on the 
sense of nucleophilic addition was observed on further 
modification of the template sub-stmcture. Unsaturated 
substrate 16 was prepared as a single enantiomer fonow-
ing the method outlilled ill Scheme 3. RemowJ of tile 
hydroxymethyl substituent in this way would be a natu-
ral progression en route to final targets such as 2-4 
noted at the outset of this letter, and this protocol is 
now a standard transformation in our laboratory." 
With the structures of potential targets 2-4 in mind we 
subjected compound 16 to the addition of 2 equiv of 
Jitbiated methyl 1,3-dithiolane-2-carboxylate and were 
pleased to observe the exclusive formation of the addi-
tion product 17 as a single diastereoisomer in 47% yield 
(Fig. I). Analysis of compound 17 by X-ray crystano-
graphylO revealed that the addition had occurred on 
the opposite face to that observed in the studies outlined 
(li). (m) 
Schettll! 1. Reagent. and condilion~ (i) NaH (2 equiv), BnBr(22 <quiv), DMf, ri, 1 h (90"10); (ii) LDA, PhSeBr, THf, -78 "C to ri, Z41~ dum (Ui) 
NalO" NaHCO" MeOH, H,O, Tt, 18 b (85% for two steps), 
where: 1I 
NU-=O Ma ~I 
Scheote 2. 
(iiij 
~MgBr (with CuCN addttive) 
R' OWhlNO ~ H Boc (vi) 
13, R = Soc, R: = CO"H ) ('v) 
14, R = Soc, R = cosePh) (v) 
15,R=Soc,R"=H 
Scheme 3. Reagents and conditions: (i) mJ(, DMSO, rI. 24 h (7(1%); (ii) EI,N, (Boc),O, DMAP, TIfF, ri, 4 h (98'%); (Oi) NaClO" N.H,PO., 1-
methyl-J.cyc!ohexene, CH,CN. t-BuOH. Hp. 0 "C to rt. 18 h (83%); (lv) (PhSeb PBu,. CH,Cl,. O°C to rt, 18 b (83%); (,.) n-Bu,snIf, AmN, 
toluene, 80 'C, 2 h (73%); (vi) LOA, PhSeBr, TIfF, -78'C 10 Tt, 24h, then NalO" NuHCO" MeOH, H,O, rt, ISh (8S'/o for two steps). 
S. M AlIin et aL I Teh'oIu!Jron utter .. 47 (21/06) 1961-1964 1963 
~ ~ !J \ N 0 aoLN QC02Me 
17 H b 
figure 1. 
Scheme 4. 
above, with the protons at positions 2 and 12b now 
having cis relative stereochemistry, as in the natural 
products geissoschizine 21 and geissoscbizol 3.2 
A remarkable manipulation in the sense of stereochemi-
cal induction can be achieved with template 18, that 
lacks any N-protection at the indole nitrogen (obtained 
through formic acid-mediated dcprotection of 16 [neat, 
rt, 22 h, 71% yield]). In this case, addition of the lithlated 
dithiolane nucleopbile (2 equiv) led to selective fonna-
tion of product 19 in whicll the protons at positions 2 
and 12b were found to be of Irems relative stereochemis-
try, as seen previously with template 7, and as required 
in the natural product hirsutine, 4.3 
The full potential of our approach for the efficient stereo-
selective total synthesis of indole natural products can 
be demonstrated with the addition of an excess of the 
lithiated dithiolane nucleophile (4 equiv) to substrate 
18. We reasoned that the dithiolane moiety could serve 
a dual role: as both a nucleophile and subsequently, in 
the same pot, as an electrophile for derivatization of 
an intermedia te lact.m enolate. This domino process 
would provide a highly economic route to access 
advanced heterocyclic templates. We were pleased to 
isolate product 20 in 64'!!. yield and as a single 
diastereoisomer (Scheme 4). Product 20 has the correct 
relative stereochemistry at an three clural centres 
20 
required for a future synthesis of hirsutine, 4, as 
confirmed by X-ray crystallography (Scheme 4)." 
In conclusion, we have found that the relative stereo-
chemistry of the products of conjugate addition to indo-
10[2,3-a]quinolizine molecules can be inftuenced through 
careful selection of the template structure, allowing 
complementary approaches to diastereoisomeric addi-
tion products.'2 With eitller tlle hydroxymetllyl auxil-
iary group present. or judicious choice of indole 
N-protection. nucleophilic addition occurs to give cis 
relative stereochemistry between the newly added substi-
tuent and the proton at ring junction 12b. An alternative 
manipulation of the template structure can lead to the 
introduction of trans relative stereochemistry between 
these two groupings. In addition, we have discovered 
that the use of a dithiolane reagent in a domino-type 
process can lead to highly efficient and stereosclective 
functionalization of our template. Current work: is 
focused on extending the methodology descnOed in this 
paper to other, more complex indole alkaloid targets. 
Our progress will be reported in due course. 
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Abstract-We report a new asymmetric synthesis of the indole alkaloid derivative (+)-I2b-epidevinylantirhine throllgb stereoselee-
tive cyclization of a tethered indole nucleus onto an Nwacyliminium ion intem1ediate, generated from a readily available non-racemic 
bicyclic lactam building block. and subsequent template modification through a highly diastereoselective conjugate addition proto-
col. In addition, we present tbe first X-ray crystal structure of this indole target. 
© 2006 Elsevier Ltd. AD rights reserved. 
The indole alkaloids and their synthetic analognes re-
main a major topic of synthetic endeavour due to their 
important strncturaI and pharmacological properties. 
The indolo[2,3-aJquinolizine ring system is found within 
a plethora of alkaloids and related compounds including 
geissoschizine 1,' geissoschizol 22 and (+)-12b-epide-
vinylantirhine 3.2 Recent approaches to the construction 
of this beterocyclic target system by other groups have 
included the diastereoselective vinylogous Mannich 
reaction,3 Bischler-Napieralsld reaction: Fischer indole 
synthesis,S an asymmetric Pictet-Spengler reaction," and 
more recently our own contribution to the area: the ste-
reoseleclive cyciization of a pendent indole substituent 
onto an N-acyliminium intermediate generated from 
bicyclic lactam templates such as 4.7 An alternative, 
but related, approach by Boseh, Amat and co-workers 
allows the construction of more highly funetionalized 
substrates frior to a similar N-acyliminium-mediated 
eyclization. In this letter we describe the application 
of our own methodology in target synthesis, and report 
a new asymmetric synthesis of (+)-I2b-epidevinyJanti-
rhine, 3. This target was originally isolated by Wenkert2 
during studies towards the synthesis of geissoschirine 1 
and geissosehizol 2, and has, to the best of our knowl-
edge, only been prepared in an asymmetric fashion by 
Ihara and co-workers.9 
Our new approach for the asymmetric synthesis 0[(+)-
12h-epidevinylantirhine, 3, began witll the preparation 
of tile enantiomerically pure key bwlding block 11 from 
indolizino[2,3-aJquinolizidine derivative 5, obtained as a 
single diastereoisomer on activation and cyciization of 
bicyclic lactam template 4 (Ar = 3'-indole), as previ-
ously reported (Scheme 1).7 
On addition of 2 equiv of Iithiated methyl J,3-dithio-
lane-2..:arboxylate to substrate It, we were pleased to 
observe the exclusive formation of the addition product 
~ ~ ~l-Al H ~ >b0 ~ <00 
1 2 3 
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R' ~o (iri) (vi) 
5, A=H, R'= CH,OH) (i) 
6.A=H.R'=CHO ,(1l) 
7, A = Boo, R' =CHO J 
8. A = Boo. ~ = C02H ) (iv) 
9, A = Boo, A ~ COSePh ) (v) 
10,R=Boc.R =H 
Scheme I. Reagents and oondilions: (i) lUX, DMSO. et, 24 h (70'10); (u) Et,N, (Do<),O, DMAP, THF, et, 4 h (98%); (ill) N.CIO" N.H,ro .. (. 
methylwl-cyclohexene. CH3CN. t-BuOH~ H20. 0 <le to rt. ISh (83%); (iv) (pbSe-):z. PBuJ,. CHzCh. 0 "'C to rt, 18b (8J'1/0); (,v) ""'Bu~. AIBN. 
toluene, 80 ·C, 2 h (73%); (vi) LDA, PhSeBr, THf', -78·C to et. 24 h; then N.IO., NaHCO" MoOH, H,O, et, 18 h (85"10 for two steps). 
(nlo= .34.4(0=0.5, MaCH) 
Scheme 2. Reagen .. and conditions: (i) meiliyl 1,3-dithiolane-2..:arboxylate (2 equiv), n·DuLi (2 equiv), THF, -78·C to If. 24h (47'10): Qi) 
NiO,'6H,O (10 equiv), NaBH. (30 equiv), THF-MoOH (I :3/, O·C to et, 4 h (73%); (ill) HCOOH (neat), rt, 28 h (71%); (iv) LiAIH, (8 equiv). THF. 
t. 3 h, then et 12 h (50%). 
12 as a single diastereoisomer in 47% yield (Scheme 2). 
Analysis of compound 12 hy X-ray crystallography!O 
confirmed that the protons at positions 2 and l2b had 
cis relative stereochemistry, as required for the current 
target, (+)-I2h-epidcvinylantirhine 3,2,9 and also fOlllld 
in the natural products geissoschizine 1 J and geisso-
schizol2.2 
The stereocontrol obsen·ed in the addition reaction is 
presumably under thermodynamic control, with the 
addition of the stabilized nucleophile being ultimately 
reversible in nature. However, other studies by our 
group have shown that one cannot discount the possibil-
ity of a conformational change in the template caused by 
appropriate choice of N-protection on the indole ring.!! 
The conjugate addition of carbon nucleophiles to Of,f\-
lIllsaturated lactams is Jrnown to be challenging, and 
allllOUgh in our case Ille addition of the Iithiated methyl 
1,3-dithiolane-2-carboxylate to compound 1l proceeded 
well, previous work on similar templates, including 
Overman's derivatization of racemic and enantiomeri-
cally pure indolo[2,3-a ]quinolizine derivatives, has re-
quired the presence of an activating group on the 
substrate.12 
Our transformation of 12 to target 3 involved the desul-
furization13 of the dithioacetal moiety with nickel bor-
ide, furnishing 13 in 73% yield, as detailed in Scheme 
2. With 13 in hand we then achieved the deprotection 
of the indole nitrogen through removal of the N-Boc 
protecting group on treatment of 13 with neat formic 
acid to generate 14 in 71 % yield. Completion of Ille syn-
Illesis involved reduction of bOtll the lactam carbonyl 
and the methyl ester moieties, and this global reduction 
was achieved with excess lithium aluminium hydride to 
furnish the desired target 3 in 50"10 yield. 
Whilst the spectroscopic data of our compound 3 
matched that reported in the literature! the optical rota-
tion, found to be +34.4 (c 05, CH30HJ, did not corre-
spond to the value of +12.3 (e 0.5, CH,OH) that was 
previously reported! 
We were able to obtain an X-ray crystal structure" of 
target 3, both to confirm tile final structure and also 
to determine that the protons at the chiral centres were 
present with cis relative stereochemistry as required 
(Fig. I). 
In summary, we report a new, facile and highly stereo-
selective approach for the synthesis of the indole alkaloid 
derivative (+)-I2b-epidevinylantjrhine." Our method 
combines two highly diastereoselective protocols: rapid 
construction of the core indolo[2,3-a]quinolizine ring 
system, with efficient template manipulation through 
stereoselective conjugate addition to an (l,f\-unsaturated 
S. M. AW" et al I TdTIJhedron Lwers 47 (2006) 5737-5739 5739 
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Figure 1. Crystal structure of (+)-J2b-epidevinylantimine. 
lactam. CUlTent work is focused on extending the meth-
odology described in this letter to otller, more complex 
indole alkaloid targets. Our progress will be reported in 
due course. 
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